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IN    REPLY   REFER   TO: 


United  States  Department  of  the  Interior 

BUREAU  OF  LAND  MANAGEMENT 
WASHINGTON,  D.C.     20240 


Dear  Reviewers: 

The  first  working  draft  of  a  study  entitled,  "Desertification  in  the 
United  States:  Status  and  Issues,"  is  enclosed  for  your  review.  Since 
this  draft  is  designed  to  provide  a  framework  for  additional  or  improved 
information  on  the  subject  to  be  incorporated  in  future  drafts,  your 
thoughtful  comments  and  suggestions  will  be  appreciated. 

This  draft  is  an  assessment  of  the  extent,  causes,  and  effects  of 
desertification  as  presently  understood.  It  also  addresses  the  types  of 
research  most  apt  to  contribute  to  the  arrest,  reversal,  and  prevention 
of  the  degradation  of  arid  and  semiarid  lands  of  the  Great  Plains  and 
Western  States. 

The  first  opportunity  to  obtain  informed  contributions  to  the  draft  will 
occurat  regional  workshops  scheduled  for  August  1980  at  four  Western  U.S. 
locations.  The  agenda  and  the  locations  of  the  workshops  are  included  in* 
an  enclosure  accompanying  this  letter.  We  strongly  urge  you  to  partici- 
pate in  a  workshop,  attending  the  one  most  convenient  for  you.  In  any 
case,  we  will  appreciate  receiving  written  comments  no  later  than 
August  30,  1980. 

The  diverse  contributions  will  be  assessed  and  integrated  through  an 
editorial  process  which  includes  an  Intergovernmental  Task  Force,  and 
an  Executive  Steering  Group  representing  state,  regional,  and  national 
interests,  of  both  public  and  private  sectors.  Of  particular  importance 
is  the  support  provided  by  the  17  Great  Plains  and  Western  States. 

Reviewers  have  been  selected  on  the  basis  of  knowledge  and  concern  for 
our  drylands  or  for  interest  and  responsibility  for  ensuring  best 
natural  resource  management  practices. 

We  are  grateful  for  your  help  in  this  endeavor.  Your  time  and  effort  will 
contribute  to  a  better  evaluation  of  the  dimensions  of  this  important 
subject. 
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:dera\  Center 
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Please  send  your  reviews  to  me  at: 

Department  of  the  Interior 
Bureau  of  Land  Management  -  200A 
Washington,  D.  C.  20240 


eonora  Sabadell 
Program  Director 
Desertification  Assessment 
in  the  U.S. 
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Guidelines  for  Reviewing  the  Working  Draft, 
"Desertification  in  the  U.S.:  Status  and  Issues" 


Here  are  some  guidelines  for  reviewing.  By  following  this  suggested 
format  you  will  facilitate  the  organization  of  input  into  the  second 
draft. 

0  Comments  should  concern  the  pertinence  and  substance  of  the  material 
presented. 

0  When  adding  or  revising  textual  or  tabular  data,  give  the  complete 
reference  of  your  source  of  information,  including  page  number  if 
possible. 

0  Preface  your  comments  by  stating  the  draft's  section,  subsection,  and 
page  on  which  you  are  commenting. 

Your  help  is  greatly  appreciated,  and  your  time  and  effort  in  reviewing 
this  draft  material  will  be  pivotal  in  achieving  the  high  quality 
document  we  are  striving  for. 
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Workshops  on  "Desertification  in  the  U.S.:  Status  and  Issues" 

-—  AGENDA  — - 

(Locations  and  participating  States  are  specified  elsewhere.) 

At  each  location  the  two-day  meeting  will  have  the  same  format  and  cover 
the  same  agenda. 

First  Day:  A  plenary  (first)  session  at  which  a  general  description  of 
the  draft,  objectives  of  the  workshop,  and  key  issues  will  be  presented. 
Comments  from  the  floor  will  be  heard  during  the  rest  of  the  morning. 

During  the  second  session  (afternoon)  of  the  first  day,  workshop  groups 
will  consider  the  key  questions  outlined  and  any  other  issue  identified 
during  the  first  session.  *i*' 

Second  Day:  Work  groups  will  continue  their  separate  discussions  during 
the  third  (morning)  session.  The  work  groups  will  come  together  and 
report  their  findings  in  the  fourth  session  (afternoon;  plenary).  Where 
possible  a  consensus  of  views  will  be  presented  and  remaining  issues 
and  alternatives  will  be  prepared  where  necessary. 

Purpose:  These  four  workshops  are  specifically  designed  to: 

°  Review  the  first  working  draft  of  the  document,  "Desertification  in  the 
U.S.:  Status  and  Issues,"  regarding  the  substance  and  pertinence  of 
the  material  presented. 

0  Answer  the  following  questions,  utilizing  the  draft  as  a  framework: 

a)  What  is  the  extent  of  desertification  now  occurring  in  the  Great 
Plains  and  Western  States,  and  how  intense  is  it?  Where  does  it 
warrant  special  attention? 

b)  What  measures  are  currently  used  to  prevent,  arrest,  or  reverse 
desertification? 

c)  Is  the  available  knowledge  sufficient  for  efficiently  coping  with 
the  problem? 

d)  What  is  the  economic  impact  of  desertification,  if  any? 

e)  What  are  the  costs/benefits  of  preventing  and  arresting  desertification? 

0  Derive  conclusions  and  describe  other  issues  not  covered  in  the  draft, 
if  necessary. 
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Groups  and  Individuals  Participating 

-  State  Government  Representatives 

-  Intergovernmental  Task  Force  and  Executive  Steering  Group 

-  National  professional  and  trade  associations 

-  Associations  of  State  Governments 

-  Private  consultants 

-  Federal  agencies 

-  Commercial,  industrial  and  agricultural  organizations 

-  Environmental  organizations 

-  National  conservation  organizations 

-  The  scientific  community 

-  Professional  societies 

General    Structures  of  the  Workshops 

Four  identical  workshops  will   be  conducted: 


Location 
Billings,  Montana 

Northern  Hotel 
1st  Avenue  &  28th  Street 
Billings,  MT     59101 
(406)   245-5121 

Boise,   Idaho 

Owyhee   Plaza  Hotel 
1109  Main   Street 
Boise,   ID     83702 
(208)   343-4611 

Albuquerque,  New  Mexico 


Dates 


August   11-12,  1980 


August  14-15,   1980 


August  18-19,   1980 


Albuquerque   Inn/Convention   Center 
2nd  Street  &  Marquette  Ave.   N.W. 
Albuquerque,  NM     87103 
(505)  247-3344 


Participating  States 

Montana 
North  Dakota 
South  Dakota 
Nebraska 
Wyoming 


Idaho 

Washington 
Oregon 
California 


Texas 

New  Mexico 

Arizona 

Oklahoma 
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Denver,  Colorado  August  21-22,  1980  Kansas 

Colorado 
Judiciary  Chambers  Utah 

(Meeting  room  numbers  Nevada 

will   be  posted. ) 

Hotels  convenient  to  the 
meeting  place  are: 

Radisson  Hotel  Plaza  Cosmopolitan  Hotel  Denver  Marina  Hotel 

(303)   861-2000  (303)   861-9000  (303)  292-9010 


Workshops  Agenda 
8:30  -   9:00  a.m.   -   Registration 

(1)  Plenary  Session 

9:00  a.m.  -  Opening  remarks 

9:30  -  10:15  -  Overview 
10:15  -  10:30  -  Break 

10:30  -  12:30  p.m.  -  Discussion  and  comments 
12:30  p.m.  -  Lunch  (on  your  own) 

(2)  Workshop  Session 

1:30  -  2:00  p.m.  -  Divide  participants  into  groups  (the  number  of  groups 

depends  on  attendance)- 

2:00  -  4:30  p.m.  -  Each  group  will: 

-  Organize:  select  a  chairman  and  secretary 

-  Review  key  issues  and  problems  identified  in 
previous  sessions 

-  Formulate  initial  conclusions  or  approaches  to 
identified  issues  and  problems 

(3)  Workshop  Session 

8:30  a.m.   -   12:30  p.m.   -  All   participants   recovene  as  a  group  to  consider 

the  findings  of  each  work  group  and  "fine  tune" 
issues 
-  Work  groups  reconvene  to  formulate  recommendations 
on   key  issues 

12:30  p.m.   -  Lunch  (on  your  own) 
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(4)     Plenary  Session 

1:30  -   4:30  p.m.   -   Report  on   findings 

-  Identification  of  issues  or  problems   for  which  there 
appear  to  be  a  consensus  on  approach  or  resolution 

-  Identification   of  issues  or  problems   for  which  consensus 
on  approach  or  resolution  was  not  reached 

-  Formulation  of  follow-up  activities  in  response  to  input 

4:30  p.m.   -   Adjourn 

Please  plan  on  making  your  own  hotel  and  meal  arrangements.  Fill  in  and 
send  in  the  enclosed  registration  form  as  soon  as  possible. 


-14- 


Please  complete  and  return  immediately. 

REGISTRATION       FORM 
August  1980  Workshops 

U.S.  Desertification  Assessment:  Status  and  Issues 

Your  Name  Phone  { ) 

Address 


/_/  YES,  I  will  attend  the  workshop  checked  below. 

/"/  NO,  I  cannot  attend  any  workshop. 

/_/  I  cannot  attend,  but  this  person  will  attend  in  my  place: 

Name      Phone  (   ) 


Address 


Workshop  to  be  attended:  /_/  Billings,  MT  -  August  11-12,  1980 

O   Boise,  ID  -  August  14-15,  1980 

/"/  Albuquerque,  NM  -  August  18-19,  1980 

/"/  Denver,  CO  -  August  21-22,  1980 

Note:  Please  plan  to  make  hotel  and  meal  arrangements  on  your  own. 

Please  remove  this  page,  place  stamp  on  other  side,  fold,  staple,  and  mail 
this  pre-addressed  form  back  to  us.  Thank  you. 


-15- 


Place 

Stamp 

Here 


U.S.  Desertification  Assessment  Staff 
Mail  Code  200A 
Bureau  of  Land  Management 
Department  of  the  Interior 
Washington,  D.C.  20240 


-16- 


DESERTIFICATION 


IN   THE   U.S. 


STATUS   AND   ISSUES 


Working  Review  Draft 


U.S.   Department  of  the  Interior 


June  1980 


-17- 


"The  overriding  influence  that  shapes  the  West  Is  the  desert. 
That  is  its  one  unifying  force.  It  permeates  the  plains,  climbs 
to  all  but  the  highest  mountain  peaks,  dwells  continually  in  the 
valleys.  .  .  The  desert  is  the  guest  that  came  to  dinner,  never 
to  go  away.  It  has  stripped  the  mountains  of  their  vegetation, 
making  them  "rocky";  it  has  dried  up  the  inland  seas,  .  .  . 
For  a  million  years  a  fire  of  low  intensity  has  been  burning,  and 
it  is  still  burning  in  the  West,  It  is  broader  and  more  intense 
in  the  south,  narrower  and  somewhat  cooler  in  the  north." 


--Walter  Prescott  Webb 


Who  pastures  high  will  feed  on  slender  fare. 
Austere  and  tough  and  brief  ..." 


--Wilson  Clough 
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I.  Background 

One-third  of  the  total  land  area  of  the  world  is  arid.  The  climate  1s 
harsh,  and  the  difficulties  of  wresting  a  livelihood  from  its  limited 
resources  harsher  still.  And  yet,  although  as  a  region  It  is  still 
relatively  sparsely  populated,  it  is  the  homeland  of  14  percent  of  the 
world's  population,  or  628  million  people,  and  the  number  Is  Increasing. 
Fifteen  percent  of  these  people  inhabit  the  extremely  arid  regions. 

Inhabitants  of  this  dry  domain  constantly  have  sought  ways  to  control  and 
modify  the  environment  to  procure  food,  fiber,  shelter,  and  amenities  felt 
necessary  for  their  existence.  In  so  doing,  the  resource  base  has  been 
manipulated,  sometimes  for  the  better,  but  often  for  the  worse,  as  the 
stresses  imposed  have  been  too  much  for  the  land  to  withstand. 

Recently,  attempts  have  been  made  in  gross  terms  to  quantify  the  effects 
of  desertification.  The  estimates  are  based  on  fragmentary  and  local  data* 
are  subject  to  differing  interpretations,  and  certainly  should  be  viewed 
as  falling  within  a  wide  spread  until  improved  data  can  be  obtained.  For 
example,  it  has  been  estimated  that  twenty  million  km^  (an  area  twice  the 
size  of  Canada)  of  land  throughout  the  world  is  now  desertified  or  at  a 
high  to  very  high  risk  of  becoming  irreversibly  unproductive  (lUCN,  1980). 
Each  year,  as  many  as  14  million  acres  of  productive  land  turn  into 
deserts  (Aspen  Institute,  1978). 

The  problem  is  serious  and  global.  If  the  indicated  rates  of  desertification 
continue  for  the  next  20  years,  one  source  estimates  that  almost  one-third 
of  the  world's  arable  land  will  disappear  from  production  at  a  time  when  the 
increase  in  world  population  will  require  one-third  more  food  just  to 
maintain  the  present  nutritional  standards  (lUCN,  1980).  Difficulties  In 
reversing  the  trend  already  exist.  Perhaps  one-fourth  of  the  world's 
topsoil  has  been  lost  in  the  last  100  years  due  to  erosion  (lUCN,  1980). 
Fifty  percent  of  the  world's  irrigated  cropland  (from  a  total  of  about 
500  million  acres)  is  seriously  affected  by  salinization  and  waterlogging 
(Aspen  Institute,  1978). 

As  the  situation  worsens,  the  costs  will  certainly  increase.  As  an  example, 
it  would  cost  an  estimated  $4  billion  per  year  to  replace  the  nitrogen  and 
phosphorous  nutrients  lost  to  erosion  (NRC,  1976).  Globally,  desert- 
ification costs  nearly  $16  billion  annually  in  lost  agriculture  production, 
of  which  almost  $7  billion  can  be  attributed  to  range  and  pastureland 
deterioration  (Aspen  Institute,  1978). 

Desertification  poses  a  particular  and  immediate  hardship  for  less  developed 
countries.  It  also  affects  developing  and  developed  countries.  In  fact, 
there  is  evidence  suggesting  that  both  injudicious  expansion  of  production 
In  developed  countries  as  well  as  the  application  of  Inappropriate  tech- 
nology In  underdeveloped  countries,  can  exacerbate  the  desertification 
process.  It  is  clear  that,  as  a  worldwide  problem,  desertification  will 
require  a  worldwide  solution.  An  assessment  of  the  problem  at  the  national 
and  regional  levels  has  been  recognized  by  world  and  national  organizations 
as  a  first  priority  in  combating  and  preventing  desertification.  Activities 
toward  this  end  have  already  begun  in  the  U.S.  and  elsewhere.  Desertifi- 
cation is  a  complex  problem  which  will  require  complex  solutions,  the 
concerted  efforts  of  many  in  understanding  it,  and  the  concerned  support 
of  people  worldwide  toward  halting  it. 
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Table  1-1 

The  extent  of  desertification  hazard,  worldwide  by  bioclimatic  zones, 
and  in  Australia. 


Degree  of 
desertification 

Arid 

Scmiarid 

Subhumid                    Auitralia 

hazard 

*q  km         %               sq  km              % 

tqkm           % 

sq  km            % 

Very  high 

High 

Moderate 

1,110,477       6.4 

13,439,968    77.3 

2.105.167    12.1 

2,180,546       12.1 

2,440,098       13  6 

12.452,272       69.4 

158,528      1.2 

579,717      4.3 

3,172.905    23  3 

307,732        4.0 
1.722.056      22.4 
3,712,213      483 

Source:  J.  A.  Mabbutt,  Search.  Vol.  9,  No.  7,  July  1978. 
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II.  Introduction 

The  term  "desertification"  was  first  used  in  the  late  1960s  to  describe 
the  northward  advance  of  the  Sahara  Desert  in  Algeria  and  Tunisia  and 
the  apparent  southward  extension  of  the  Sahara  in  the  West  African 
Sahel  region  that  was  occurring  during  that  decade.  Although  the  term, 
which  can  be  defined  loosely  as  the  human-induced  barrenness  of  the  land, 
is  new  to  our  vocabulary,  the  effects  of  desertification  are  not.  As 
early  as  300  B.C.,  a  Greek  writer  described  the  erosion  and  ruin  of  once- 
fertile  lands  along  the  coast  of  Turkey.  There  are  numerous  accounts 
since  then  of  famines  and  widespread  migrations  of  peoples  when  lands 
forced  to  produce  beyond  their  natural  potential  deteriorated  into  a 
condition  where  whey  could  not  produce  at  all. 

The  age  of  the  problem,  unfor  tunately,  has  not  brought  the  wisdom  of 
recognizing  the  causes  and  of  taking  the  necessary  steps  to  inhibit  and 
reverse  the  desertification  processes.  As  recently  as  the  period  of 
1968  to  1973,  thousands  of  people  and  animals  starved  as  the  effects 
of  the  Sahel  drought  in  West  Africa  were  accented  by  past  unwise  manage- 
ment of  the  land. 

The  magnitude  of  the  Sahel  tragedy,  however,  brought  worldwide  recog- 
nition of  the  increasing  problem  of  desertification,  and  the  United 
Nations  called  for  a  Conference  on  Desertification  to  be  held  in 
Nairobi  in  1977.  The  importance  of  this  international  attention  to 
the  problem  of  desertification  cannot  be  understated.  One-third  of 
the  total  land  areas  of  the  world  are  arid,  making  them  prime  targets 
for  desertification.  Ironically,  these  lands,  the  least  able  to 
withstand  the  effects  of  human  impacts,  are  being  increasingly  called 
upon  to  meet  the  resource  demands  of  the  more  densely  populated  areas. 
This  creates  an  ecologically  precarious  situation.  As  demonstrated 
in  the  Sahel  region,  a  natural  phenomena  such  as  drought,  combined 
with  an  inadequate  understanding  of  the  natural  potentials  of  fragile 
arid  lands  can  lead  to  tragedy.  Abusing  the  land  starves  the  people. 
But  what  demands  can  arid  lands  withstand? 

In  hopes  of  filling  some  of  the  known  research  gaps  in  the  knowledge 
about  desertification,  a  number  of  special  studies  and  workshops 
preceded  and  followed  the  international  conference  in  Nairobi.  The 
United  States  made  major  contributions  to  the  study  through  provision 
of  technical  advice  and  active  parti ci^^ati on  by  a  delegation  led  by 
Under  Secretary  of  the  Interior  James  Joseph.  Out  of  this  intensive 
study  came  a  generally  accepted  definition  of  the  term  "desertifi- 
cation": the  sustained  decline  and/or  destruction  of  the  biological 
productivity  of  arid  and  semiarid  lands  caused  by  man-made  stresses, 
sometimes  in  conjunction  with  extreme  natural  events.  Such  stresses. 
If  continued  or  unchecked,  may  lead  to  ecological  degradation  and 
ultimately  to  desert-like  conditions."  (A  more  elaborate  definition 
will  be  found  in  Section  IV.)  A  greater  appreciation  of  the 
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complexity  of  the  process,  and  an  awareness  of  how  much  further 
research  is  needed  about  the  subject  of  desertification  also  resulted. 
The  95  countries  represented  at  the  Nairobi  conference  jointly  agreed 
to  prepare  national  plans  of  action  to  combat  desertification,  and 
to  share  the  results  of  their  Individual  research. 

United  States  policy  supports  international  efforts  to  deal  with  the 
effects  of  desertification  in  both  the  near  and  long  terms  and  in 
different  geographical  and  social  settings.   Increasingly  the  stability 
of  governments  is  seen  to  depend  not  only  on  Immediate  relief  efforts  when 
food  supplies  run  out,  but  also  on  fostering  sound  land  use  policies 
to  promote  food  self-sufficiency.  The  global  supply  and  demand  in  food 
helps  determine  acreages  put  in  cultivation  in  the  marginal,  frequently 
semiarid,  lands  of  the  U.S. 

In  agreeing  to  a  national  assessment  of  desertification  in  the  U.S.,  some 
areas  of  comparability  in  physical  processes  at  work  are  anticipated 
and  steps  taken  to  combat  adverse  effects,  such  as  improved  technological 
applications,  may  be  identified  and  proposed  for  transfer  to  other 
countries.   It  is  also  recognized  that  social,  economic,  and  political 
factors  vary  greatly  between  countries  and  that  human  response  will  be 
very   different.  As  one  drought  expert  has  noted,  "desertification  as  an 
environmental  problem  is  primarily  national  in  cause  and  national  in 
effect."   (Glantz,  1979). 

By  agreement  with  the  Departments  of  State  and  Agriculture,  and 
under  the  direction  of  the  Under  Secretary  of  Interior,  the  Department 
of  the  Interior  has  the  responsibility  for  coordinating  this  document. 
Cooperation  in  Its  preparation  was  provided  by  representatives  of  the 
governments  of  the  17  Great  Plains  and  Western  States;  federal  agencies; 
the  national  Executive  and  Legislative  branches;  professional  societies; 
agricultural  and  other  Industry  associations;  special  Interest  groups; 
and  concerned  individuals  In  the  private  sector. 

"Desertification  in  the  U.S.:  Status  and  Issues"  is  the  assessment  of 
desertification,  both  present  and  potential,  for  the  arid  and  semiarid 
portions  of  the  seventeen  Western  States.  This  draft  assessment  will 
be  used,  after  widespread  public  review  and  comment,  as  the  basis  for 
formulating  the  final  assessment  of  desertification  in  the  United  States. 
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Very  Severe 

SOURCE  :  UNITED  NATIONS 


Figure  II -1 
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III.  Purpose  of  Assessment 

Early  in  its  history,  the  United  States  recognized  the  value  of  con- 
serving and  preserving  the  quality  of  the  land  and  on  managing  the 
land  resources  for  the  good  of  the  nation.  Examples  of  such  legis- 
lation include  the  Taylor  Grazing  Act  of  1934  and  the  Soil  Conservation 
and  Domestic  Allotment  Act  of  1935.  Both  State  and  Federal 
Governments  developed  programs  to  preserve  the  land,  and  enacted 
legislation,  notably  the  National  Environmental  Protection  Act;  the 
Federal  Land  Policy  and  Management  Act,  and  the  Resource  Conservation 
Act,  among  others,  reemphasized  this  philosophy  and  strengthened  it 
by  adding  a  requirement  for  inventorying  and  assessing  the  resource 
bases  and  interrelationships  among  them.  These  existing  renewable 
resource  management  and  conservation  actions,  however,  address  the 
problem  of  desertification  in  a  limited,  partial,  or  indirect  way. 
The  main  purpose  of  this  study  is  to  provide  an  extensive  and  holistic 
overview.  This  study  is  also  the  first  intergovernmental  and  multi- 
disciplinary  effort  aimed  at  comprehensively  assessing  the  desert- 
ification problem  in  the  U.S.  It  draws  heavily  on  available,  reliable, 
and  accepted  information  on  desertification,  to  summarize  it  and  to 
provide  a  preliminary  analysis  of  the  situation  as  it  is  found  today. 
Through  this  assessment  we  intend  to  identify  information  and  data 
required  to  adequately  describe  and  locate  present  or  potential 
desertified  areas,  and  to  draw  inferences  on  research  needs  which  may 
not  have  been  adequately  addressed. 

To  determine  how  much  is  known  about  desertification  and  areas 
requiring  intensive  research,  this  document  discusses  the  main  topics  such 
as:  the  general  dimensions  of  desertification;  the  component  processes 
and  what  factors  affect  them;  how  desertification  currently  is  iden- 
tified, measured,  and  dealt  with  when  It  begins  or  where  it  is  estab- 
lished; how  we  cope  with  the  problem;  and  how  the  United  States  is 
cooperating  with  other  countries  to  study  the  problem. 

The  preparation  of  a  national  assessment  of  desertification  problems  for  the 
United  States  has  been  approached  as  a  broadbased  interagency  and  interdiscipli- 
nary task  with  particular  emphasis  on  contributions  from  state  and  local 
individuals  and  organizations  of  the  seventeen  Western  and  Great  Plains 
States.  The  procedure  to  be  followed  calls  for  close  review  and  supervision  of 
the  project  by  a  Task  Force  of  senior  representatives  of  the  agencies  charged 
with  providing  authoritative  inputs  to  the  assessment  and  by  a  Steering 
Group  which  members  represent  a  wide  spectrum  of  viewpoints,  scientific 
knowledge  and  advocacy  positions  on  proper  management  of  U.S.  arid  and 
semiarid  lands.  In  addition,  a  responsible  liaison  person  has  been  appointed 
by  the  Governor  of  each  of  the  seventeen  Western  States,  who  will  assist 
in  providing  accurate  data  and  in  subjecting  the  assessment  to  a  close  review. 
The  Department  of  the  Interior,  under  the  personal  supervision  of  the  Under 
Secretary,  has  established  a  staff  within  the  Bureau  of  Land  Management  to 
perform  executive  functions  which  include  preparation  of  drafts,  conduct  of 
interagency  meetings,  and  appropriate  coordination  with  interested  parties 
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to  the  assessment.  The  project  has  been  assigned  a  top  priority  by  policy 
levels  of  government  and  within  the  Department  of  the  Interior.  The  schedule 
calls  for  several  iterations  of  draft  production  to  allow  full  and  informed 
review  and  comment.  The  final  draft  is  scheduled  for  release  in  mid-1981. 

The  specific  focus  of  this  assessment  is  on  desertification  induced 
by  human  activity,  where  the  rate  of  change  may  be  rapid,  and  where 
the  resilience  of  the  natural  systems  and  the  quality  of  the  resource 
base  is  diminished  or  wasted.  Although  considerable  and  detailed 
data  exist  for  the  specific  environmental  elements  of  the  resource 
base  (soil,  water,  vegetation,  air  quality,  and  wildlife),  the  net 
impacts  of  human  activity  are  poorly  understood.  As  more  people  put 
greater  demands  on  decreasing  land  resources,  a.  thorough  understanding  of 
these  impacts  becomes  increasingly  important.  The  broad  locale  for 
this  study  covers  arid  and  semiarid  regions  of  the  17  Great  Plains 
and  Western  States  where  annual  losses  of  water  exceed  annual  water 
gains.  See  figure  III-l.  Parts  of  this  "dry  domain"  are  experien- 
cing significant  growth  in  population  and  demands  upon  the  ecosystem  and 
there  is  mounting  evidence  that  the  natural  qualities  and  produc- 
tivity of  some  of  these  lands  are  being,  or  can  be,  degraded  at  an 
accelerated  pace  under  the  impact  of  increasingly  Intensive  uses  of 
their  resources.  It  is  here  that  the  impacts  on  marginal  or  fragile 
lands  are  most  visible  and  the  long-term  implications  of  human 
occupancy  will  be  the  most  serious. 

Based  on  the  information  compiled,  the  assessment  also  attempts  to 
identify  the  social  and  economic  issues  involved  In  controlling 
desertification  In  the  United  States,  and,  thereby,  to  demonstrate 
the  complexity  of  the  problem.  It  is  hoped  that  through  Increased 
awareness  at  all  levels  of  the  government  and  the  public,  the 
necessary  research,  analysis,  transfer  and  application  of  knowledge 
will  be  supported  and  accomplished. 
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IV.  The  Desertification  Process 

Desertification  has  been  defined  for  this  national  assessment  as: 
"the  sustained  decline  and/or  destruction  of  the  biological  produc- 
tivity of  arid  and  semiarid  lands  caused  by  man-made  stresses  sometimes 
in  conjunction  with  natural  extreme  events.  Such  stresses,  if 
continued  or  unchecked,  over  the  long  term  may  lead  to  ecological 
degradation  and  ultimately  to  desert-like  conditions."  Biological 
productivity  refers  to  the  naturally  occurring  plant  and  animal  life, 
as  well  as  to  the  agricultural  productivity,  if  any,  of  a  given  area. 
Aridity  is  the  permanent  climatic  feature  of  regions  with  low  average 
rainfall,  low  humidity,  high  climatic  variations,  high  winds,  high  sol 
radiation  incomes,  extreme  temperature  variations,  and  unpredictable 
precipitation  patterns  (in  time  and  space).  In  arid  and  semiarid  lands 
the  existing  living  systems  have  evolved  mechanisms  at  various  levels 
of  production  that  allow  them  to  survive  these  wery   harsh  conditions, 
extreme  events  such  as  droughts,  the  possible  dessication  due  to  secular 
climatic  changes,  and  the  natural,  gradual  weathering  of  soils.  The 
changes  brought  about  by  shifts  in  climate  occur  at  such  a  slow  rate 
tiiat,  even  acknowledging  their  probability,  they  are  of  marginal  concern 
to  the  present  assessment. 

To  further  clarify  the  concepts  on  which  this  national  assessment  is 
based,  a  clear  distinction  must  be  made  between  the  natural  and  the 
man-made  events  that  may  affect  an  arid  or  semiarid  region.  One 
natural  extreme  event  that  may  trigger  or  intensify  desertification 
is  drought.  Drought  is  a  random  phenomenon  and  a  temporary  feature 
of  the  climate  during  which  rainfall  deviates  appreciably  below 
normal.  Characteristically,  it  temporarily  affects  the  hydrological 
system  and  the  renewable  resource  base;  it  can  be  coped  with  by  short- 
term,  crisis-responsive  remedial  measures;  and  the  biota,  if  not 
under  other  extraneous  stresses,  generally  possess  recovery  mechan- 
isms. Drought  can  trigger  and/or  intensify  desertification. 

Characteristics  of  desertification,  on  the  other  hand,  are 
that:  it  is  not  a  climatic  feature;  once  established  it  may  be  a 
permanent  condition;  it  occurs  even  when  rainfall  is  above  normal  or 
when  water  has  been  made  artificially  available  in  a  water.-short  area; 
it  follows  definite  patterns;  it  may  irreversibly  affect  the  hydrologic 
system  and  the  renewable  resource  base;  the  effects  are  long-lasting, 
and  remedial  and  adaptive  measures  are  in  general  long-term,  costly, 
and  sometimes  drastic;  finally,  the  affected  biota  have  few  or  no 
mechanisms  to  recover  from  it. 

In  its  inital  stages  desertification  may  merely  involve  a  shift  to  a 
less  productive  ecosystem,  with  water,  energy,  and  nutritional  balances 
less  favorable  to  plant  growth  than  before.  But  land  use  in  arid  and 
semiarid  regions  affects  the  prevailing  equilibrium.  This  is  at  least 
partly  because  of  fluctuations  in  rainfall  between  dry  and  humid  years 
which  cannot  be  predicted  as  yet  and  are  difficult  for  the  land  user  to 
respond  to  effectively. 
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Deserts  themselves  are  not  the  sources  from  which  desertification 
springs.  Except  for  hot  winds,  the  deserts  supply  none  of  the 
essential  forces  for  the  processes  described.  Desertification 
breaks  out,  usually  at  times  of  drought  stress,  in  areas  of 
naturally  vulnerable  land  subject  to  pressures  of  land  use.  These 
degraded  patches  link  up  to  carry  the  process  over  extended  areas. 
It  is  generally  incorrect  to  envision  the  process  as  an  advance 
of  the  desert  borders  engulfing  usable  land;  the  advancing  sand  dune 
is  in  fact  a  yery   special  and  localized  case. 

Desertification  may  occur  in  patches  far  from  the  constantly  moving 
desert's  limits,  making  the  process  more  subtle  and  insidious.  And 
because  desertification  may  be  very  slow,  it  may  not  be  perceived  in 
all  its  development  and  impact.  As  the  patchwork  of  desertification 
grows  and  links  up,  it  can  eventually  join  with  the  climatic  desert, 
and  the  final  result  will  look  exactly  as  if  the  desert  itself  had 
spread.  The  deserts  extended  in  this  way  form  wastelands  over  areas 
that  from  a  strictly  climatic  point  of  view  should  not  be  entirely 
desert.  To  the  extent  that  desertification  contains  self-reinforcing 
elements,  its  effects  may  extend  outward  through  a  whole  system  of 
climatic  and  land-use  belts.  As  arid  pastureland  turns  into  complete 
desert,  neighboring  semiarid  land,  once  suitable  for  rainfed  cropping, 
may  deteriorate  into  arid  pasture.  But  since  the  process  does  not 
spring  from  the  desert  cores,  it  need  not  always  work  outwards,  and 
the  semiarid  or  subhumid  cropland  may  be  the  first  to  deteriorate  to 
desert  status. 

The  interrelated  and  self-reinforcing  steps  leading  towards  desert- 
ification follow  general  patterns  that  can  be  illustrated  in  this 
typical  sequence  of  events:  After  human  intervention  (mismanaged, 
drastic,  untimely,  in  conjunction  with  climatic  stresses,  etc.),  the 
quality,  variety  and/or  quantity  of  the  impacted  area's  vegetation 
declines  or  are  lost;  there  is  a  concurrent  loss  in  the  number  and 
variety  of  animals  that  can  exist  in  the  area.  With  the  reduction 
of  vegetation  and  support  for  animal  populations,  there  is  a 
reduction  in  yield,  and  profit.  A  decline  in  yield  may  force  land 
users  to  either  further  abuse  the  land  to  force  it  to  produce 
temporarily  at  the  profit  level  it  produced  before  or  to  abandon 
the  land  for  more  profitable  land.  If  the  land  is  abandoned,  then 
there  is  little  chance  that  nature  can  recoup  as  rapidly  or  as 
successfully  as  it  could  before  and  without  human  intervention. 
Limited  plant  cover  exposes  the  land  to  Increased  erosion 

,  draining  off  the  nutrients  necessary  for  plant  recovery. 
Once  the  level  of  topsoil  is  removed,  the  hard,  often  impermeable 
sublayers  are  exposed.  These  layers  compact  and  develop  crusts 
easily,  which  prevents  water  from  entering  the  soil,  thus  increasing 
runoff,  and  further  preventing  the  land  from  even  returning  to  its 
once-productive  level. 
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The  various  processes  that  contribute  to  the  desertification  process 
are  examined  individually  in  the  following  text. 


Vegetation  Loss 

Induced  and  extensive  losses  of  plants  may  result  in  a  self-reinforcing 
process.  As  the  vegetative  cover  is  reduced  or  lost,  the  land's  ability 
to  continue  with  a  steady  production  of  vegetation  may  be  impaired  or 
even  lost. 

Desertification  involving  depletion  of  vegetation  not  only  reduces  the 
plant  population  and  soil  protection,         but  also  alters  the 
nutrient  and  hydrological  cycles  of  the  area.  The  amount  of  litter 
diminishes,  as  well  as  the  microbiological  and  animal  activity.  The 
amount  of  nutrients  returning  to  the  cycle  decreases,  thus  impairing 
the  sustained  normal  plant  growth  and  production. 

Loss  of  the  vegetation  affects  the  soil  quality  as  does  the  impact  of 
raindrops.  The  root  structure  needed  to  conserve  moisture  and  prevent 
erosion  is  lost.  As  a  consequence  of  cover  and  root  loss,  runoff 
increases  in  velocity  and  volume,  as  do  floodwaters  which  damage  soils, 
plants,  watersheds,  property,  and  communities. 

Another  consequence  of  reducing  the  vegetative  cover  and  baring  the  land 
is  an  increase  in  the  reflectivity  of  solar  radiation  or  albedo  upon  the 
land  back  into  the  atmosphere.  This  is  considered  by  some  climatologists 
to  intensify  desertification  in  semiarid/arid  areas.  They  also  suggest 
that  the  vegetative  losses  decrease  the  concentration  of  organic 
particulate  in  the  air,  and  that  removes  nuclei  on  which  raindrops  may 
form,  further  decreasing  rainfall. 


Loss  of  Plant  Variety 

When  the  quality  of  an  ecosystem  diminishes,  the  plant  population,  and 
the  number  of  varieties  of  perennial  vegetation  species,  are  reduced. 
In  general,  a  declining  ecosystem  is  not  able  to  support  the  complexity 
of  species  it  would  support  at  the  climax  state.  An  example  of  this 
phenomenon  can  be  found  in  overgrazed  pasture  and  rangelands.  The 
level  of  productivity  of  the  land  varies  considerably  with  the  biological 
carrying  capacity  of  the  site,  the  palatability  of  the  forage  produced, 
the  way  in  which  is  it  used,  and  the  recent  sequence  of  climatic  events. 
When  desertification  by  overgrazing  occurs,  the  most  palatable  grasses 
are  damaged  first  and  then  progressively  less  palatable  species,  so 
reducing  their  frequency  in  the  community.  These  are  the  "decreasers." 
Not  all  palatable  species,  however,  are      decreasers:  some  may 
actually  be  encouraged  by  grazing  use.  The  loss  of  palatable  species  means 
a  loss  in  nutritional  value  of  the  forage  and  a  decline  in  forage.  In 
different  communities  decreasers  are  annuals,  perennials, 
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grasses,  forbs,  shrubs,  or  trees,  but  perennials  are  commonly  decreasers 
because  of  their  vulnerability  in  dry  seasons  and  droughts  when  they 
are  the  only  forage,  and  because  they  do  not  always  have  the  same 
strategy  of  reproduction  and  germination  as  the  annuals.  The  loss  of 
a  framework  of  perennials  may  render  the  system  much  more  vulnerable 
in  bad  years  when  annuals  fail  to  germinate,  when  the  drought  refuges 
in  the  shade  of  the  large  trees  have  gone,  and  when  the  dry  unpro- 
tected soil  is  susceptible  to  erosion  by  wind  or  water. 

Because  their  loss  is  likely  to  herald  erosion  at  the  times  when  they 
are  the  only  protection  to  the  soil,  and  because  of  their  value  as  a 
drought  reserve,  a  great  deal  of  attention  has  been  lavished  on  perennial 
grasses.  It  must  be  stated,  however,  that  the  loss  of  perennial  shrubs 
and  trees  is  also  serious  for  similar  reasons.  They  hold  down  wind 
velocities  and  so  decrease  both  evaporation  and  wind  erosion,  and 
provide  shelter  and  feed  small  oases  in  which  animals  and  weaker  plants 
can  survive  the  drought  to  recolonize  the  deserts  between  the  shrubs 
when  the  good  years  return  or  after  heavy  grazing  is  relieved. 

When  relieved  of  competition  from  palatable  plants  or  plants  susceptible 
trampling  damage,  resistant  and  usually  unpalatable  species  expand 
their  territory.  These  are  the  "increasers."  Annuals  are  prominent 
among  these,  especially  those  with  ^^ery   short  life  cycles.  In  many 
ranges,  poisonous  forbs  (such  as  the  notorious  burroweed  of  the 
Western  United  States)  become  dangerously  common.  A  characteristic 
change  is  an  invasion  by  plants  from  more  arid  neighboring  regions. 

When  sound  grazing  management  is  applied,  the  species  diversity  may 
actually  increase  by  opening  up  the  community  and  creating  more  niches. 
Increased  production  is  characteristic  of  the  early  successional  stage. 
Resilience  of  communities  usually  increases  with  later  successional  stages. 
At  upper  levels  of  stocking  intensity,  pastures  begin  to  degrade,  sometimes 
drastically.  It  is  an  accepted  general  principle  that  the  most  valuable 
communities  are  often  the  first  to  suffer. 


Brush  Invasion 

"For  years  conservation  district  leaders  have  identified  brush  encroach- 
ment as  one  of  their  biggest  conservation  problems.  They  point  out 
that  unwanted  and  undesirable  woody  plants  reduce  production  of  food 
and  fiber,  accelerate  erosion,  unnecessarily  waste  water,  and  in  many 
places  degrade  wildlife  habitat."  (Pendleton,  1979). 

Brush  is  defined  as  woody  half-shrubs,  shrubs,  and  trees  that  invade 
land  on  which  they  are  not  part  of  the  potential  natural  (climax)  plant 
community  or  occur  in  amounts  significantly  in  excess  of  that  which  is 
natural  to  the  site.  Species  listed  as  brush  often  have  desirable 
qualities.  Nevertheless,  they  are  listed  as  brush  because  of  their 
tendency  to  create  resource  management  problems  by  interfering  with 
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intended  land  use  and  management  (USDA,  RCA,  1980).  "The  most  frequent 
and  serious  woody  pests  mentioned  were  oaks,  junipers,  sagebrush, 
cactus,  rabbi  thrush,  mesquite,  and  acacias."  (Pendleton,  1980). 

A  major  brush  problem  exists  where  brush  is  so  dense  that  it  dominates 
the  plant  community,  seriously  suppresses  the  growth  of  more  useful 
plants,  severely  restricts  land  use,  and  leaves  the  soil  vulnerable  to 
erosion  (USDA,  RCA,  1980). 

Condition:  Figure  IV- 1   shows  the  four  levels  of  the  brush  problem. 
The  criteria  used  to  rate  the  severity  of  the  problem  in  each  state 
include  the  percentage  of  grazing  land  covered  by  brush,  the  total 
acreage  of  brush,  and  the  percentage  of  brush  in  medium  and  dense 
stands.  They  are  as  follows: 


Problem  Level 
None  to  slight 

Moderate 


Major 


Severe 


Criteria* 

a)  Less  than  26%  of  the  grazing  land  is  occupied 

by  brush. 

b)  Less  than  1  million  acres  are  in  brush. 

c)  Less  than  30%  of  the  brush  is  in  medium  and 
dense  stands. 

26  to  49%  of  the  grazing  lands  is  occupied  by 
brush. 

b)  1  to  5  million  acres  are  in  brush. 

c)  30  to  49%  of  the  brush  is  in  medium  and  dense 
stands. 

50  to  75%  of  the  grazing  land  is  occupied  by 
brush. 

b)  5  to  10  million  acres  are  in  brush. 

c)  50  to  75%  of  the  brush  is  in  medium  and  dense 
stands. 

More  than  75%  of  the  grazing  land  is  occupied 
by  brush. 

b)  More  than  10  million  acres  are  in  brush. 

c)  More  than  75%  of  the  brush  is  in  medium  and 
dense  stands. 


♦Applied  to  total  state  acreage. 

If  a  state  met  two  or  more  of  these  criteria  at  a  certain  problem 
level,  it  was  rated  overall  at  that  level.  If  a  state  met  all  three 
criteria  at  different  problem  levies,  it  was  rated  as  having  an 
overall  problem  equivalent  to  the  middle  value.  According  to  these 
criteria,  three  of  the  17  Western  States  have  a  severe  brush  problem; 
Oklahoma,  Wyoming,  and  Texas.  Eleven  of  the  17  states  have  a  major 
problem:  Arizona,  California,  Colorado,  Idaho,  Montana,  New  Mexico, 
Oregon,  Utah,  Washington,  Nevada,  and  North  Dakota.  Kansas  has  a 
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moderate  brush  problem.  Nebraska  and  South  Dakota  have  only  a 
slight  brush  problem.  These  ratings  are  on  a  statewide  basis  and 
do  not  pinpoint  the  severity  of  brush  problems  at  specific  locations 
CUSDA,  RCA,  1980)  [Tables  IV-1  and  IV~2). 

Intense  pasture  use  can  result  in  the  invasion  of  woody  shrubs,  for 
many  reasons.  Though  grasses  compete  with  shrubs  for  water,  the 
competition  is  not  simple:  shrUbs  can  tap  deeper  layers  and  use 
water  at  different  times  of  the  year.  An  important  factor  is  the 
suppression  of  burning  that  has  sometimes  been  imposed  arbitrarily  on 
many  ranges.  On  the  other  hand,  fire  can  no  longer  be  used  as  a  management 
tool  in  some  areas  where  grass  (fuel)  has  been  removed  by  grazing.  This 
seems  to  be  a  prominent  reason  for  the  rapid  spread  of  mesquite  in  the 
Southwestern  United  States  and  for  similar  brush  invasion  in  many  parts 
of  the  world.  There  are  many  other  contributory  factors,  such  as  the 
spread  of  seed  by  cattle  or  rodents,  or  a  reduction  in  browsing  by  wild 
or  domesticated  species.  Whatever  the  reason  for  it,  an  increase  in 
b*-jsh  undoubtedly  reduces  grass  production,  and  the  loss  of  grass  cover 
opens  up  the  land  to  invasion. 

This  encroachment  of  brush  and  weeds  can  significantly  reduce  the  produc- 
tivity of  range.  To  illustrate,  the  invasion  of  mesquite  in  130  counties 
in  West  Texas  reduced  forage  by  0.9  to  1.8  million  animal-unit-months  in 
1971  (Osborn  and  Witkowski,  1974).  The  value  of  the  forage  thus  lost 
was  $429  million  in  years  of  below-average  production  and  as  much  as 
$832  million  in  years  of  above-average  production. 

Brush  management  activities  have  been  successful  in  reducing  the  overall 
density  of  the  brush  stand,  but  not  in  reducing  the  total  acreage  (USDA, 
RCA,  1980).  This  shift  indicates  that  brush  management  activities  of 
ranchers,  farmers,  and  various  agencies  have  been  directed  at  dense 
stands  where  brush  is  dominant  in  the  plant  community,  seriously 
suppresses  growth  of  more  useful  plants,  and  severely  restricts  the  use 
of  land  (Pendleton,  1979).  Eradication  is  rarely  a  planned  objective 
of  brush  management,  and  it  is  economically,  ecologically,  and  technically 
infeasible  (USDA,  RCA,  1980).  The  removal  of  brush  often  may  lead  to 
as  many  environmental  problems  as  the  initial  brush  invasion.  For 
example,  removal  by  mechanical  means  such  as  chaining  may  compact  the 
soil  and  disturb  other  vegetation  as  well  as  animals.  Almost  any  brush 
removal  technique,  if  not  practiced  with  care  and  the  proper  safeguards, 
may  cause  accelerated  soil  erosion. 


Loss  of  Animal  Population  j 

Livestock:  The  livestock  industry  is  extremely  important  to  the  economies 
of  the  17  Western  States  and  to  the  nation  as  a  whole.  Desertification 
of  the  rangeland  could  lead,  as  it  has,  to  reductions  in  the  population  of 
livestock,  since  a  degraded  range  can  support  fewer  animals  than  a 
healthy  one. 
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In  a  survey  of  representative  commercial  cattle  ranches  in  the  Great 
Plains  sections  of  Colorado  and  New  Mexico  to  determine  the  influence 
of  range  conditions  on  livestock  production,  it  was  found  that  ranches 
having  average  good  range  conditions  marketed  14.3  pounds  of  cattle 
per  acre;  those  having        fair  condition,  11.2  pounds  per  acre; 
and  those  having        poor  condition,  8.9  pounds  per  acre  (McCorkle 
and  Heerwagen,  1951).  Further  determinations  in  this  area  would  be  of 
importance  to  assess  actual  losses  in  production  directly  tied  to  the 
lower  quality  of  the  range  and  pastures.   (See  table  IV-3  ). 

Deterioration  in  range  condition  generally  reduces  forage  production 
and  increases  susceptibility  to  erosion  (Branson  et  al . ,  1972). 
According  to  Soil  Conservation  Service  estimates,  nonfederal  range  con- 
ditions have  improved  considerably  in  recent  years.  They  indicate  that  from 
1963  to  1977,  the  percentage  of  range  in  excellent  condition  increased  from 

5  to  12  percent;  the  percentage  of  range  in  good  condition  increased 
from  15  to  28  percen-t;  the  percentage  in  fair  condition  increased  from 
40  to  42  percent;  and  the  percentage  in  poor  condition  decreased  from 
40  to  18  percent.  Furthermore,  in  1977  range  conditions  were  improving 
in  13  of  the  17  major  range  states,  remaining  static  in  three,  and 
declining  in  one.  In  spite  of  recent  improvement,  however,  60  percent 
of  the  non-federal  rangeland  is  still  in  poor  or  fair  condition 
(figure  IV-  2,  table  IV-3  )  compared  to  its  potential  measured  by  the 
resemblance  of  the  present  plant  community  to  the  original  climax 
community  (USDA,  RCA,  1980).  But  range  conditions  vary  greatly  among 
states  (tables  IV-  4  and  IV-  5). 

About  453  million  acres  in  the  Western  U.S.  are  nonfederal  rangeland 
and  native  pasture.   In  1976,  the  latest  year  for  which  data  are 
available,  about  68  percent  of  this  acreage  was  reported  as  properly 
grazed,  and  about  32  percent  was  reported  as  overgrazed  (USDA,  National 
Resource  Inventories).  Rangeland  productivity  was  estimated  to  be 
55  to  60  percent  of  potential. 

There  were  213  million  acres  of  federal  rangeland  in  the  17  Western 
States  in  1977,  with  149  million  acres  mainly  administered  by  the 
Bureau  of  Land  Management,  and  37  million  acres  by  the  Forest  Service. 
Other  federal  rangeland,  totaling  some  42  million  acres,  is  mainly 
administered  by  the  Bureau  of  Indian  Affairs,  National  Park  Service, 
and  the  Department  of  Defense.  Thirty-two  percent  of  the  Western  range- 
land  is  in  federal  ownership  (table  IV-6)  and  more  than  70%  of  that  is 
considered  in  poor  to  fair  condition  (table  IV-  ).   In  general,  however, 
the  quality  of  the  ranges  has  improved  from  the  1930s  on,  and  today 
these  lands  are  in  the  best  condition  found  during  this  century. 

Cattle  and  sheep  graze  on  almost  two-thirds  of  the  public 
rangelands  of  the  West.   (They  graze  on  about  85%  of  the  rangelands  in 
both  public  and  private  ownership.)  The  lands  generally  are  grazed 
at  different  seasons  over  the  year,  rather  than  over  the  entire  year. 
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The  lower 
elevation  of  grasslands  and  shrublands,  which  generally  are  administered 
by  the  Bureau  of  Land  Management,  are  used  primarily  during  the  spring 
while  the  higher  elevation  grassland  and  meadows,  generally  administered 
by  the  Forest  Service,  are  used  mainly  in  the  summer. 

The  sheep  industry  is  especially  dependent  upon  federal  grazing  lands 
which  provide  about  42  percent  of  their  annual  forage  requirements. 
The  cattle  industry  is  generally  less  dependent  upon  federal  land,  but 
the  relationship  between  the  public  and  private  land  as 

sources  of  feed  is  often  wery   important  locally  to  that  industry. 

Wildlife  existing  in  the  seventeen  Western  States  has  been  pro- 
foundly impacted  through  the  years  by  changing  land  uses  such  as 
farming,  livestocking,  the  building  of  urban  areas  and  transportation 
systems;  mining,  recreation,  and  other  human  endeavors.  Man-caused 
productivity  losses  have  had  specific  effects  on  wildlife  as  well, 
but  these  impacts  are  difficult  to  disaggregate  from  the  land-use- 
generated  ones  above.  The  difficulty  in  distinguishing  between 
effects  of  desertification  and  of  ecological  changes  due  to  develop- 
ment, is  compounded  by  the  presence  of  feral  animals  that  also  compete 
for  the  resource  base  and  perturb  its  equilibrium. 

The  population  density  of  wild  horses  and  burros,  like  that  of  any 
other  animals,  must  be  in  tune  with  and  not  exceed  the  carrying 
capacity  of  the  available  habitat.  Other  than  this  general  obser- 
vation and  the  limited  data  that  Hall  (1972)  and  Feist  (1971)  col- 
lected on  the  Pryor  Mountain  horses,  there  is  no  scientific  informa- 
tion available  on  optimum  population  levels,  the  results  of  over- 
crowding, competition,  or  the  effects  of  a  degrading  habitat. 

Not  only  large  animals  but  smaller  ones  are  affected  by  desertifi- 
cation. Small  mammals  consume  only  a  small 
part  of  an  ecosystem's  production,  they  may  suppress  the  vegetation 
on  which  they  do  feed.  The  ecosystem  vegetation  type  usually  does  not  change 
due  to  the  feeding  of  small  mammals,  but  it  may  be  held  or  main- 
tained in  one  serai  stage  due  to  their  feeding.  Exceptions  are  degrada- 
tions due  to  large  populations  of  grasshoppers  or  locusts. 

Decline  in  Yield 

The  desertification  process  on  cropland  occurs  through  land  degradation 
by  soil  erosion  caused  by  widespread  removal  of  topsoil  by  wind  and 
water,  which  may  result  from  tillage  and  harvest  practices.  Increased 
water  runoff  that  attends  soil  losses  reduces  water  availability  to 
crops  and  causes  flood  damage  to  other  crops.  Removal  of  finer  soil 
particles  leads  to  compaction,  crusting,  poor  tillage,  and  consequent 
lower  crop  yields.  Selective  removal  of  plant  nutrients  and  organic 
matter  constrain  farmers  to  resort  to  the  use  of  chemical  fertilizers, 
so  as  to  maintain  a  given  level  of  production.  This  in 
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turn  may  result  in  high  water  salt  content  in  irrigation  return  flows 
and  runoffs,  and  in  soil  salinization.  Other  vegetational  problems  of 
the  arid/semiarid  regions  that  may  result  in  or  trigger  desertification 
are: 

0  disease  and  pest  invasions  due  to  monocultural  planting  patterns 

0  loss  of  soil  support  and  soil  structure 

0  loss  of  seedlings  due  to  burial  and  sandblasting 

0  land  uses  that  eliminate  native  species 

0  loss  of  biological  activity  in  soils  due  to  declining  amounts  of 

humidity  and  nutrients 
0  poor  drainage  and  low  hydraulic  conductivity  that  raise  the  water 

table  to  the  plants'  root  system  restricts  or  stops  plant  growth. 

It  is  acknowledged  that  soil  erosion  generally  diminishes  crop  production, 
but  the  effects  are  difficult  to  generalize  because  of  the  influence  of 
factors  such  as  crop  variety,  topsoil  depth,  soil  nutrients,  soil 
structure,  drainage,  temperature,  moisture,  tillage  practices,  weeds, 
and  pests.  Evidence  suggests  that  corn  yields,  for  example,  are  reduced 
annually  by  an  average  of  about  4  bushels  per  acre  for  each  inch  of 
topsoil  lost  from  a  basis  of  12  inches  of  topsoil  or  less;  oat  yields 
by  an  average  of  about  2.4  bushels  per  acre;  wheat  yields  by  an  average 
of  1.6  bushels  per  acre;  and  soybean  yields  by  an  average  of  2.6  bushels 
per  acre  (Pimentel,  1976).  The  primary  reasons  given  for  the  reduced 
yields  on  eroded  soils  are  low  nitrogen  content,  impaired  soil  structure, 
deficient  organic  matter,  and  reduced  availability  of  moisture. 

Crop  production  in  the  Western  States  is  45%  of  the  total.  U.S.  production, 
for  a  cash  receipt  and  home  consumption  value  of  around  $22  billion. 
See  tables  IV- 8  and  IV- 9  .  More  than  $440  million  are  thus  lost  each 
year  to  erosion  alone,  since  it  has  been  estimated  that  the  approximate 
annual  crop  loss  due  to  nutrients,  crop  sandblasting  and  burial, 
uncovering  of  seed,  compaction,  etc.,  is  about  2%. 

Decreased  yields  follow  from  the  loss  of  nutrients.  Dregne  (1978) 
found  desertification  of  dry  farmed  lands  due  to  erosion  had  reduced 
yields  on  sandy  lands  by  30  to  40  percent  and  on  hardlands  by  20  to 
30  percent.  Using  a  conservative  figure  of  25  percent  decrease  in 
yield  due  to  desertification,  there  is  an  annual  reduction  of  wheat 
yields  in  the  semiarid  West  of  about  300  million  bushels.  Assuming 
wheat  were  $3.00/bushel ,  this  would  be  a  $900  million  loss  in  revenue 
from  wheat  alone.  Similar  reductions 'of  grain  sorghum  yields  will  be 
found  throughout  the  Great  Plains  states.  Lyles  (1975)  calculated  that 
income  from  wheat  and  grain  sorghum  in  13  counties  in  western  Kansas 
was  reduced  by  $2.5  million  (at  1973  prices)  as  the  result  of  wind 
erosion  on  sandy  lands.  High  valued  crops  are  not  as  affected  by 
desertification  since  they  are  more  intensively  managed  (irrigated 
and  fertilized)  and  are  grown  on  the  better  soils. 
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Erosion 

Soil  can  be  removed  by  wind  and  water.  This  soil  removal  occurs  and 
is  accelerated  when  the  soil  surface  is  disturbed  or  lain  bare  by 
clearing,  ploughing,  trampling,  overgrazing,  stripping,  etc.  When 
soil  loses  organic  matter  or  dries  up,  erosion  may  further  progress. 
(See  figure  IV-3.) 

The  lost  topsoil  is  the  most  fertile.  The  subsoil,  being  poor  in 
nitrogen  and  phosphorous,  or  heavily  cemented,  is  hard  and  impermeable 
and  is  more  difficult  to  erode. 

The  two  main  types  of  soil  erosion  are 

(a)  Water  erosion 

Damage  by  water  is  the  result  of  three  principal  processes.  First, 
the  impact  of  the  raindrops  compacts  the  surface  and  crumbles  the  weak 
soil  aggregates,  which,  when 

wetter,  slake  more  readily;  these  processes  together  reduce  the 
aggregates  to  smaller  and  more  easily  transported  particles,  which 
become  plugged  into  pores  in  the  surface  to  create  an  impermeable 
crust.  Second,  the  splash  itself  projects  the  separated  particles 
outward;  and  third,  the  particles  are  carried  off  in  any  runoff  that 
occurs.  The  effectiveness  of  these  processes  depends  largely  on  the 
intensity  with  which  the  rain  comes  down:  More  intense  showers  have 
more  energy  to  pound  th  soil  and  splash  it  farther,  and  under  intense 
rainfall  the  surface  cannot  absorb  water  fast  enough  to  prevent  runoff. 

Slope  angle  and  length,  and  the  inherent  tendency  of  the  soil  to  erode 
also  affect  the  amount  that  may  be  lost  from  a  field.  Sandy  soils  are 
permeable  and  therefore   resist    runoff,  but  when  their  infiltration 
capacity  is  exceeded,  their  poor  aggregation  renders  them  very   vulnerable, 
In  the  silty  soils  of  much  of  the  temperate  desert  margins,  the  infil- 
tration capacity  is  commonly  exceeded  by  rainfall  intensity  and  these 
soils  are  yery   liable  to  erosion.  Clayey  soils,  because  they  have  the 
tightest  aggregation  and  generally  occur  on  gentle  slopes  and  in  low 
spots  in  the  landscapes,  are  not  usually      eroded.  They  may  even 
benefit  from  sediments  and  nutrients  washed  from  higher  sites. 

Runoff  sorts  the  soil  it  picks  up,  moving  small  stones  only  a  short 
distance,  depositing  sand  usually  at  the  first  break  of  slope,  and 
the  more  valuable  silt,  clay  and  organic  matter  to  distant  lakes, 
reservoirs  or  the  sea.  Reservoir  siltation  is  a  serious  problem  in 
semiarid  lands:  Rapid  natural  erosion,  and  even  more  rapid  induced 
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erosion  transfer  debris  into  the  traps  provided  by  storage  reservoirs. 

In  the  Western  United  States  there  have  been  reductions  in  the  storage 

capacities  of  reservoirs:  New  Lake  Austin  in  western  Texas  lost  96 

percent  of  its  capacity  in  only  13  years.    Siltation  is  not 

confined  to  the  reservoirs  alone:  Disruption  of  the  river  regime  above 

the  huge  Elephant  Butte  Reservoir  on  the  Rio  Grande  meant  that  a  depth  of  over 

1  m  of  sediment  was  deposited  in  the  river  channel  at  Albuquerque  some 

160  km  upstream.    Below  the  dams  there  was  extensive  downcutting  in 

the  river  channels. 

Increased  runoff  needs  a  better       network  of  streams  to  remove  it. 
In  an  intense  shower,  the  stream  network  may  quite  suddenly  be  expanded 
when  steep-sided  gullies  cut  back  into  fields.  These  gullies  are 
usually  discontinuous,  cutting  only  into  locally  steeper  slopes  along 
river  bluffs  or  terrace  edges.  Gullying  removes  less  soil  than  surface 

runoff,  but  the  dissection  of  fields  that  results  may  make 
cultivation  impossible  and  more  dramatic. 

The  1977  National  Resource  Inventories  (NRI)  (USDA,  1978)  showed  that 
erosion  is  the  main  conservation  problem  on  most  of  the  West's  cropland. 
In  1977  average  annual  erosion  exceeded  six  tons  per  acre  on  croplands 
of  the  Western  States.  Erosion  rates  in  1977  were  more  than  five  tons 
per  acre  in  seven  states  and  more  than  ten  tons  per  acre  in  three  states. 
A  ten-ton  per  acre  annual  erosion  rate  is  the  equivalent  of  removing  one 
inch  of  topsoil  every   15  years. 

In  tons  per  acre  California,  New  Mexico,  Colorado,  and  Texas  have  the 
most  severe  sheet,  rill,  and  wind  erosion  problem.  Of  the  nearly  one 
billion  tons  of  cropland  topsoil  lost  each  year  to  water  and  wind 
erosion  across  the  Western  States,  only  about  one-fourth  is  balanced  by 
the  natural  soil  formation  under  normal  agricultural  conditions. 

Water  erosion  is  particularly  acute  on  the  steep  slopes  of  the  wheat 
lands  In  the  Palouse  region  of  the  Pacific  Northwest  and  on  the  shale- 
derived  soils  of  the  Dakotas,  Wyoming,  Colorado,  Utah,  and  New  Mexico. 
Virtually  every  medium- to- fine  textured  cultivated  soil  having  a  slope 
greater  than  1  percent  is  subject  to  water  erosion.  When  slopes  become 
as  steep  as  they  are  in  the  Palouse  country,  good  land  management  can 
retard  erosion,  but  can  keep  it  within  tolerable  limits  only  with 
difficulty. 

Erosion  is  also  a  major  contributor  to  salt  loading  in  Western  streams. 
Soils  high  in  salt  content,  such  as  marine  shales,  are  high  contributors, 
and  probably  the  largest  diffused  source.  These  salts  are  highly 
soluble  and  are  concentrated  in  surface  runoff  through  erosion.  Over 
four  billion  tons  of  soil  are  picked  up  each  year  by  the  nation's  streams, 
and  25%  of  this  total  tonnage  is  discharged  into  the  oceans.  The  other 
75%  is  moved  around  within  drainage  basins.  The  dollar  amount  of 
damages  caused  by  sediment  is  difficult  to  determine,  but  it  has  been 
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estimated  at  over  $500  million  per  year. 

(b)  Wind  erosion 

Like  runoff,  the  wind  picks  up,  transports  and  sorts  the  soil,  removing 
nutrients  and  clogging  nearby  areas  with  unwanted  sediment.  Clay, 
silt,  and  organic  matter  may  be  removed  far  from  the  drylands 
altogether:  Sands  are  moved  close  to  the  ground,  blasting  the 
remaining  crop  and  accumulating  around  local  bushes  and  hedges  as  small 
dunes  with  a  much  lower  fertility  and  "til lability"  than  their  parent 
soil.  A  form  of  veritable  "desert  creep"  can  occur  on  a  small  scale 
as  the  eroded  sands  blow  onto,  blast,  dessicate,  and  bury  crops  in 
neighboring  fields.  Soil  loss  usually  continues  until  it  is  checked 
by  a  hard  or  cemented  subsoil.  The  wind  erosion  hazard  is  greatest  in 
temperate  dryland  farming  where  the  soil  may  be  left  fallow  for  one  or 
two  seasons. 

The  formation  of  small  mounds  of  sand  and  dust  around  bushes  is,  like 
gullying,  an  inconvenience  to  cultivation.  These  mounds  are  partly 
the  result  of  the  erosion  of  the  less  protected  areas  between  the 
bushes  and  partly  due  to  the  accumulation  of  moving  sand  and  dust  in 
the  calm  area  around  the  obstruction. 

Wind  and  water  erosion  combine  in  some  areas  to  form  further  kinds  of 
impoverished  landscape.  Where  the  soil  is  stony,  the  removal  of  finer 
material  by  water  or  wind  leaves  stones  littered  on  the  surface  as  a 
"desert  pavement."  Shallow  "scalds"  (yardangs)  develop  in  which 
the  topsoil  is  stripped  off  by  both  wind  and  water.  These  areas,  often 
a  few  hectares  in  extent,  have  such  hard  surfaces  that  plants  find  it 
hard  to  recolonize  without  the  help  of  ploughing  and  seeding  (Warren, 
1975). 

Wind  erosion  occurs  throughout  the  arid  West  and  most  of  the  land  damage 
Is  found  in  the  southern  half  of  the  17  Western  States.  The  Dust  Bowl 
of  the  1930s  in  the  southern  Great  Plains  typified  the  hazard  that 
exists  in  any  arid  region.   It  was  the  result  of  a  severe  and  protracted 
drought  striking  a  region  where  cultivation  had  been  extended  too  far 
into  climatically  marginal  areas  and  where  overgrazing  had  reduced 
vegetative  cover.  To  a  less  extensive  degree,  wind  erosion  is  a 
locally  serious  problem  around  barren  mine  waste  dumps,  recreational 
areas,  and  new  and  hastily  built  communities. 

The  number  one  wind  erosion  problem  is  the  cultivation  of  sandy  soils 
on  the  dry  margin  of  the  semiarid  climatic  zone,  and  the  severity  of 
wind  erosion  is  dependent  upon  year-to-year  fluctuations  in  weather. 
Approximately  4.6  million  acres  (1-8  million  hectares)  of  cultivated 
land  in  the  ten  Great  Plains  states  were  damaged  by  wind  erosion  during 
the  drought-parched  winter  of  1975-76  (October  1975  through  March  1976) 
(Anon.,  1976).  This  contrasts  to  the  previous  less  severe  winter  in 
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which  1.7  million  acres  (1.1  million  hectares)  were  damaged  by  wind. 
Hagen  and  Woodruff  (1975)  calculated  that  particulates  suspended  in 
dust  storms  in  the  Great  Plains  during  the  1950s  and  1960s  ranged 
from  37  to  551  million  tons  annually.  Because  of  increased  rainfall, 
the  average  dropped  from  244  million  tons  in  the  1950s  to  77  million 
tons  in  the  1960s.  Wind  erosion  produces  a  larger  mass  of  particulates 
in  the  United  States  than  all  other  primary  sources  combined  (Dregne,  1980) 

While  one  erosion  control  practice  has  been  losing  popularity,  another 
has  been  gaining.  Shelterbelts  (windbreaks),  though  effective  if 
managed  properly,  have  become  less  acceptable  in  the  1960s  and  1970s 
than  they  were  in  earlier  years.  The  main  reasons  are  that  they 
usually  occupy  land  that  could  be  cropped  and  they  interfere  with  the 
operation  of  center-pivot  irrigation  systems.  On  the  other  hand, 
minimum  tillage  and  no-tillage  practices  have  been  gaining  acceptabil- 
ity. These  tillage  systems  keep  stubble  on  the  land  to  effectively 
protect  it  from  wind  and  water  erosion. 

Erosion  is  affecting  both  the  public  and  private  lands  of  the  West. 
Sheet  and  rill  erosion  on  Western  croplands  average  2.9  tons  per  acre, 
and  wind  erosion  on  croplands  in  the  Great  Plains  averages  3.4  tons 
per  acre.  On  rangelands  the  average  annual  sheet,  rill,  and  wind 
erosion  in  the  17  Western  States  is  5.28  tons  per  acre.  Serious  soil 
erosion  has  affected  about  100  million  acres,  and  moderate  erosion 
over  210  million  acres  (BuRec,  1975).  Erosion  may  also  induce  land- 
slides, channel  degradation,  valley  trenching,  and  floodplain  scouring. 
See  erosion  information  in  figure  IV-4  and  tables  IV-10  through  IV-17. 

Erosion  also  has  serious  adverse  effects  on  air  quality.  Atmospheric 
dust  impairs  human  and  animal  health,  ruins  machinery,  is  responsible 
for  highway  accidents,  and--when  dust  storms  are  bad--causes  mental 
depression.  Sediment  in  streams  and  lakes  interferes  with  fish 
reproduction  and  survival,  reduces  reservoir  capacity,  and  makes  it 
necessary  to  dredge  ship  channels.  Realistic  costs  of  these  kinds  of 
damage  are  difficult  to  calculate. 

other  uses. 
Erosion  also  drains  state  revenues  from/For  example,  in  Whitman  County 
in  the  Palouse  region  of  Washington,  more  than  $400,000  is  spent 
annually  to  remove  silt  from  the  county  road  system.  In  one  Texas 
county,  officials  estimated  that  an  average  of  $75,000  to  $100,000  was 
spent  each  year  from  1972  to  1974  clearing  and  repairing  roads  and 
drainage  ditches  damaged  by  water  and  wind  erosion. 

More  than  $15  billion  has  been  spent  since  the  1930s  on  soil  conserva- 
tion practices  (White  House,  1977)  but  it  must  be  added  that  in  fuel 
costs  alone,  an  estimated  2.1  billion  gallons  of  fuel  equivalents  are 
used  each  year  (as  of  1975)  to  offset  soil  erosion  in  the  United 
States  (Pimentel ,  1976). 
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Tables  IV-18,  IV-19,  and  IV-20  show  the  Erosion  Condition  Classification 
on  BLM  Land  by  state  (table  IV-18);  on  state  and  private  land  by  state 
(table  IV-19);  and  on  the  total  land  Bureauwide,  and  the  ten  Western 
States  (table  IV-20).  The  acreages  shown  may  deviate  from  the  actual 
acreage  due  to  factors  such  as:  (1)  Some  small  amounts  of  land  have  not 
yet  been  surveyed;  and  (2)  States  with  only  small  amounts  of  BLM  land 
are  administered  by  other  State  BLM  offices.  Thus,  North  Dakota  BLM 
land  is  included  in  the  Montana  total.  BLM  has  in  operation  a  computer- 
based  system  by  which  approximations  are  generated  to  forecast  the 
increase  or  decrease  in  acreage  in  each  of  these  condition  classes 
under  different  types  of  management  plans. 

The  system  used  to  classify  the  soil  condition  is  shown  in  figure  IV-5 
which  presents  the  factors  to  be  measured.  This  form  is  used  to 
evaluate  the  erosion  condition  of  parcels  of  land  6400  acres  or  less  in 
size.  While  this  method  is  adequate,  though  not  rigorous,  the  classifi- 
cation does  not  reflect  the  loss  of  biological  productivity  of  the 
land.  For  example,  a  "moderate"  soil  erosion  determination,  upon  close 
examination,  reveals  conditions  which  significantly  reduce  the  biological 
productivity  of  the  area  surveyed.  As  is  is,  the  relationship  between 
erosion  and  productivity  has  not  been  established  for  use  in  management 
plans.  A  system  which  reflects  this  relationship  is  needed  to  better 
portray  the  condition  of  an  area  as  a  whole. 

The  critical  erosion  problem  areas  of  the  West  on  cropland,  rangeland, 
forest  land,  and  urbanizing  areas  are  as  follows: 

Crop      Land:  Soils  are  generally  subjected  to  a  continuous 
process  of  erosion  by  the  action  of  rain,  melting  snow,  ice,  frost, 
and  driving  winds,  especially  where  continuously  lain  bare  by  cultivation, 

Water  erosion  is  especially  serious  in  the  winter  Wheatland  area  of  the 
Columbia  Plateau  in  eastern  Washington  and  Oregon  and  northwest  Idaho. 
This  includes  the  Palouse  area.  Most  of  the  cropped  area  is  covered 
with  loose  soil  which  is  fine-grained,  unstable,  windblown  material  on 
slopes  up  to  50  percent.  Here  the  soil  profile  frequently  is  saturated 
and  freezes  before  a  snow  cover  occurs,  and  so  becomes  a  supersaturated 
layer  of  soil  which  erodes  during  the  late  winter  or  early  spring  runoff. 
Soil  losses  with  these  conditions  can  be  25  to  150  tons  per  acre. 

Within  the  arid  regions,  the  economic  feasibility  of  controlling  wind 
and  water  erosion  decreases  as  the  climate  becomes  drier.  In  the  wet 
fringes  of  the  semiarid  zone  (east  of  the  100th  meridian),  control  of 
water  erosion  (  a  major  problem)  on  cultivated  land  is  much  more 
likely  to  return  a  profit  in  five  to  ten  years  than  is  water  or  wind 
erosion  control  on  the  drier  side  of  that  zone.  The  reason  is  not  only 
that  land  productivity  is  higher  in  the  wetter  areas  but  that  water 
erosion  is  easier  to  control  than  wind  erosion.  Residue  management  is 
one  of  the  best  tools  for  wind  erosion  but  there  can  be  little  management 
if  there  is  little  residue. 
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Another  point  to  note  concerning  the  economics  of  wind  erosion  control 
is  that  droughts  exacerbate  the  problem.  One  year  of  severe  drought 
seldom  has  any  great  effect  on  farmers  but  two  or  three  consecutive 
years  can  be  disastrous.  By  that  time,  there  will  be  little  crop 
residue  to  hold  down  the  soil,  soil  structure  will  have  degraded,  and 
emergency  tillage  will  have  become  ineffective,  all  of  which  contribute 
to  an  increased  susceptibility  to  erosion. 

On  the  dryland  sandy  soils  that  blow  easily,  there  is  only  one  way 
presently  known  to  control  wind  erosion:  establish  a  permanent  vegeta- 
tive cover.  Since  a  cash  crop  usually  will  be  more  profitable  than 
livestock  raising  on  such  soils,  farmers  are  not  likely  to  invest 
money  in  retiring  land  from  cultivation  and  establishing  grass  unless 
encouraged  to  do  so  by  government  subsidies. 

Hagen  and  Woodruff  (1975)  concluded  that  because  of  the  high  concen- 
trations and  frequent  occurrence  of  dust  storms  in  the  ten  Great  Plains 
States,  it  is  doubtful  that  any  of  them  could  meet  the  maximum  24-hour 
particulate  concentration  criterion  in  the  National  Ambient  Air  Quality 
Standards.  Any  such  standards,  if  enforced,  would  bring  a  storm  of 
protest  from  farmers  and  ranchers  who  feel  that  their  livelihood  is 
threatened.  Furthermore,  the  standards  probably  would  be  impossible 
to  enforce  in  the  southwestern  and  southern  Great  Plains  States  simply 
because  occasional  severe  dust  storms  are  a  natural  occurrence  there, 
due  to  the  sandy  soils,  sparse  vegetation,  high  winds,  and  periodic 
droughts. 

Wind  erosion  control  on  the  less  susceptible  cultivated  soils  can  be 
accomplished  by  residue  management,  strip  cropping,  windbreaks,  and 
emergency  tillage.  Windbreaks  have  become  less  popular  than  they  were 
in  the  1930s  and  1940s  because  the  old  eight-  and  ten-row  shelterbelts 
took  relatively  large  amounts  of  land  out  of  cultivation.  Newer 
shelterbelts  use  only  one  or  two  rows  of  grasses,  shrubs,  or  trees, 
and  farmers  are  more  receptive  to  them.  With  the  advent  of  center- 
pivot  irrigation  systems,  windbreaks  that  interfered  with  their 
operation  have  been  removed. 

An  aggressive  technical  assistance  program  would  probably  result  in  wind 
erosion  control  being  adopted  in  the  more  favorable  areas  by  many  more 
producers  than  are  now  involved  in  conservation  programs.  There  will 
remain,  however,  a  core  of  less  educated  and  less  affluent  farmers  and 
ranchers  who  will  not  undertake  effective  programs.  That  group  will 
require  an  intensive  educational  program  and  some  financial  inducements. 
On  the  dry  margins  of  the  dryland  farming  areas,  financial  assistance 
or  land  use  regulations  will  be  needed  to  retire  erosion-prone  land  from 
cultivation.  (Almost  any  kind  of  land  use  control  program  is  certain 
to  be  opposed  vehemently.) 
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As  already  noted,  water  erosion  control  measures  are  more  likely  to  be 
profitable  1n  the  short  term  in  the  wetter  areas  than  in  the  drier  ones. 
Government  support  for  water  erosion  control  is  needed  more,  then,  in 
the  less  favorable  climatic  zones.  However,  if  erosion  control  on 
cultivated  land  is  combined  with  water  conservation  in  the  drier  zones, 
as  it  usually  is,  the  combination  serves  to  increase  yields  while 
reducing  erosion.  Most  of  the  yield  benefits  are  due  to  water  conserva- 
tion rather  than  to  soil  conservation. 

As  with  wind  erosion,  an  aggressive  technical  assistance  program  may 
well  be  enough  to  bring  about  significant  improvement  in  water  erosion 
control.  Again,  the  less  affluent  and  less  educated  farmers  will 
require  a  special  effort  to  persuade  them  to  initiate  a  suitable 
erosion  control  program. 

Grazing  Land:  Areas  with  limited  cover,  fine-textured,  easily 
dispersed  soils,  and  sloping  terrain,  are  most  easily  eroded.  These 
areas  commonly  occur  on  soils  derived  from  shale.  Rangelands  exposed 
by  trampling  and  overgrazing  are  especially  vulnerable. 

Much  of  the  Colorado  River  basin  is  in  the 

shale  lands  category.  Western  Colorado  near  Grand  Junction,  eastern 
Utah,  the  Little  Colorado  in  Arizona,  and  several  areas  in  New  Mexico 
have  special  problems. 

Valley  trenching  has  occurred  on  shaley  fine-grained  alluvial  fill  in 

portions  of  the  Little  Colorado  in  Arizona.  In  the  Rio  Puerco  Valley 

about  two- thirds  of  the  sediment  comes  from  gully  and  arroyo  trenching  and  piping, 

and  slightly  less  than  one-third  from  sheet  and  rill  erosion. 

The  chapparral  areas  located  in  the  San  Gabriel,  San  Bernardino,  and 
San  Andreas  Ranges  of  Southern  California  are  very   susceptible  to 
erosion  where  soils  on  sloping  terrain  are  subject  to  long-duration  and 
high-intensity  rains.  Destruction  of  plant  cover  and  ground  litter  by 
frequent  wildfires  and  by  human  encroachment  including  road  and  building 
construction  on  poorly  chosen  sites,  has  caused  severe  erosion  problems 
including  mass  movement  of  soil. 

In  much  of  the  desert  areas  of  Arizona,  California,  Nevada  and  eastern 
Oregon  erosion  is  depressed  because  of  limited  runoff.  Also,  in  much 
of  the  yery   arid  areas  the  formation  of  desert  pavement  or  surface 
armoring  with  rock  protects  underlying  soil  from  wind  and  water  erosion. 

In  Montana  geologic  erosion  of  barren  or  nearly  barren  areas  where 
Pierre  and  Bearpaw  marine  shales  outcrop  at  the  surface  in  the  central 
and  eastern  part  of  the  State  is  serious.  Gully  erosion  and  downstream 
valley  trenching  are  also  problems  in  these  basins. 

Sheet  and  rill  erosion  rates  on  rangeland  and  pastureland  vary  from  state 
to  state,  from  about  one  ton  per  acre  to  almost  14  tons  per  year.  The 
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Western  regional  average  is  4.49  tons/acre;  data  are  presented  in  table 
IV-21. 

The  Agricultural  Research  Service  in  1974  estimated  that  more  than  71 
percent  of  the  rangelands  in  the  17  Western  States  were  in  only  fair 
to  poor  range  condition  (table  IV-7  ).  As  previously  discussed,  there 
is  a  high  correlation  of  range  condition  to  degree  of  erosion. 
Reduced  vegetation,      excessive  runoff,  and  blowing  and  erosion 
go  together.  Much  of  that  same  71%  probably  also  has  moderate  to 
severe  erosion  (Dregne,  1979). 

In  order  to  devise  some  approximation  of  the  federal  range- 
land  soil  losses  for  the  17  Western  States,  the  estimated  average  annual 
sheet,  rill,  and  wind  erosion  on  the  intermingled  nonfederal  rangeland 
is  given  in  terms  of  tons/acre  when  applied  to  the  federal  rangeland 
acreages,  resulting  in  an  average  total  of  5.28  tons  per  acre  (table  IV-21). 

The  validity  of  applying  the  nonfederal  rangeland  erosion  rates  to  the 
federal  rangelands  may  be  rather  tenuous. 

The  nonfederal  lands  by  virtue  of  the  settlement 
selection  processes  are  probably  less  frail  than  the  land  left  in 
federal  ownership,  but  on  the  other  hand,  they  are  subject  to  a  greater 
degree  of  grazing,  and  water  concentration. 

BLM  has  made  a  state-by-state  compar- 
ison of  erosion  condition  on  its  Western  lands  with  those  in  state  and 
private  land.  This  reveals  a  somewhat  greater  degree  of  critical  and  severe 
erosion  on  BLM-managed  land  than  on  state  and  private  lands  (7.1%  to 
6.0%).  Moderate  erosion  is  slightly  more  on  BLM  lands  (33.6%  to  32.3%); 
stable  or  slight  erosion  conditions  prevail  on  59.3%  of  the  BLM  lands 
and  61.7%  on  state  and  private  lands  (table  IV-20).  But  in  general  the 
differences  between  Federal  and  non-Federal  lands  is  small. 

Water  erosion  is  the  principal  erosion  problem  on  grazing  lands.  Wind 
erosion  is  important  on  loose  sandy  soils,  especially  in  the  southern 
part  of  the  arid  West.  Both  are  the  result  of  overgrazing.  As  with 
cultivated  lands,  the  economic  feasibility  of  controlling  water  and 
wind  erosion  decreases  as  the  average  annual  precipitation  decreases. 
The  principal  reason  is  that  establishing  and  maintaining  a  good 
vegetation  cover  becomes  more  difficult  in  the  more  arid  climatic  zones. 
Rangelands  cannot  pay  for  construction  of  terraces  and  other  erosion 
control  structures  except  under  special  circumstances.  Consequently, 
manipulation  of  livestock  and  vegetation  are  the  main  techniques  that 
can  be  used.  The  objective  is  to  have  sufficient  plant  cover  to 
protect  the  soil  from  the  destructive  force  of  wind  and  water. 
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Seeding  grasses  and  improving  grazing  management  are  the  principal 

requisites  for  erosion  control.  Since  one  of  the  first  things  needed  for  improvement 

is  to  reduce  grazing  pressure,  range  improvement  generally  equates 

with  an  economic  loss  from  the  treated  land  during  the  years  when  the 

plant  cover  is  being  established  or  improved.   It  is  this 

loss  in  income  that  dissuades  ranchers  from  undertaking  major  range 

improvements.  Government  financial  assistance  is  needed  to  help  most 

private  landowners  get  through  the  initial  period  of  reduced  income. 

Instituting  an  improvement  program  on  federal  lands  can  be  done, 

but  rancher  opposition  has  been,  and  remains,  strong  against  any 
reduced  grazing. 

Forested  Land:  Most  of  the  forest  areas  have  a  light  or  moderate 
erosion  because  of  stable  soils  and  good  vegetation  cover.  Most  of 
the  erosion  problems  are  generally  very   localized  and  are  related  to 
construction  mining,  logging,  grazing,  and  recreation  activities, 
Some  exceptions  in  forested  areas  where  critical  erosion  and  sediment 
occur  are: 

0  In  Northwest  California,  which  is  a  combination  of  forest  and  grassland. 
Here  rains  of  medium  duration  and  high  volume  and  intensity  saturate 
the  unstable  soils  on  steep  slopes  and  produce  large  volumes  of  runoff 
with  high  peaks.  Excessive  grazing,  disturbance  of  the  soil  by  animals 
over  extensive  areas,  careless  logging,  and  improper  road  construction 
and  maintenance  are  the  main  sources  of  accelerated  erosion. 

0  Soils  of  much  of  the  forested  area  in  central  and  southwestern  Idaho 
are  considered  unstable  when  disturbed  weathers  into  shallow 

sandy  soils.  The  mantle  depth  is  only  a  few  inches  on  millions  of  acres 
in  the  Salmon  River  valley,  Boise  Range,  and  Sawtooth  Mountains. 

0  With  loss  of  cover,  the  Wasatch  Front      soils  are  highly 
erodible.  The  extremely  high  natural  geologic  erosion  rates  have  formed 
the  scenic  beauty  of  several  unique  national  parks  and  monuments  in  the 
Utah  area. 

Urbanized  Land:  Subdivision  development  accelerates  rates  of  erosion 
and  creates  problems  of  downstream  deposition  in  many  of  the  rapidly 
developing  urban  areas  of  the  West.  Disturbed  soils  are  susceptible 
to  erosion  and  mass  movement  due  to  bare  ground  exposure.  It  is 
estimated  that  close  to  a  quarter  of  a  million  acres  are  being  converted 
to  urban  areas  annually.  This  area  is  susceptible  to 

accelerated  erosion  for  a  3-5  year  period. 

Highway  construction  causes  problems  due  to  lack  of  early  stabilization 
of  cuts  and  fills  in  many  areas. 
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Nutrient  Loss 

Calculations  based  on  soil  erosion  data  suggest  that  nationally,  more 
than  50  million  tons  of  plant  nutrients  (nitrogen,  phosphorus, 
potassium)  are  lost  annually  from  cropland  soils  (Wadleigh,  1968). 
The  cost  of  "replacing  the  nitrogen,  phosphorous,  and  one-fourth  of 
the  potassium"  in  the  entire  U.S.  agricultural  soil  was  estimated  to 
be  $6.8  billion  about  10  years  ago  (Beasley,  1972). 

The  Comptroller  General,  in  a  1977  report,  cites  a  figure  of  $1.2  billion 
as  the  market  value  of  fertilizers  needed  to  replace  the  nutrients  lost 
through  erosion  that  year.  While  that  figure  refers  to  total  U.S. 
loss,  the  magnitude  of  erosion  in  the  Great  Plains  and  the  Pacific 
Northwest  indicated  that  Western  erosion  probably  accounted  for  a 
nutrient  loss  worth  as  least  $500  million  (Dregne,  1980). 

Nearly  sixteen  million  tons  of  fertilizer  were  consumed  in  the  West 
in  1977,  practically  all  of  which  were  used  on  croplands,  a  jump  from 
the  13  million  tons  used  two  years  earlier.   It  must  be  noted  that 
1976  and  1977  were  drought  years. 

Decreased  yields  are  the  result  of  the  loss  of  soil  nutrients.  It  has 
been  found  that  desertification  of  dry- farmed  lands  due  to  this  loss 
of  nutrients  has  reduced  yields  on  sandy  lands  by  30  to  40  percent  and 
on  hardlands  by  20  to  30  percent  (Dregne,  1978).  Using  a  conservative 
figure  of  25  percent  decrease  in  yield  due  to  desertification,  there 
is  an  annual  reduction  of  wheat  yields  in  the  semiarid  West  of  about 
300  million  bushels  (Dregne,  1978).  Assuming  wheat  were  $3.00/bushel , 
this  would  be  a  $900  million  loss  in  revenue  from  wheat  alone.  Similar 
reductions  of  grain  sorghum  yields  will  be  found  throughout  the  Great 
Plains  States.  High-valued  crops  are  not  as  affected  by  desertification 
since  they  are  more  intensively  managed  (irrigated  and  fertilized)  and 
are  grown  on  the  better  soils. 

While  nutrients  in  the  cropland  are  a  valuable  asset,  they  are  washed 
into  streams  and  water  bodies  where  they  can  be  a  detriment.  Nutrients 
contained  in  waters  are  a  stimulant  to  the  growth  of  algae  in  surface- 
water  bodies  receiving  such  wastes.  Problems  stemming  from  this  fact 
have  been  growin  rapidly  in  all  parts  of  the  country,  and  specialists 
in  the  field  are  anticipating  the  time  when  requirements  for  waste- 
water treatment  will  have  to  be  revised  to  include  removal  of  nutrients. 
The  two  major  offenders  are  nitrogen  and  phosphorous,  both  of  which 
are  abundant  in  water  drained  from  land  surfaces;  in  rainwater  itself; 
in  waste  discharges  from  cities  and  industry;  in  agricultural  runoff; 
and  in  feedlot  runoff  (Geraghty,  1977). 

More  than  half  of  the  surface-water  bodies  in  the  country  are  believed 
to  be  affected  to  some  degree  by  nutrient-rich  wastewater  (Geraghty, 
1977),  and  in  figure  IV-6  the  relationships  between  land  uses  and 
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nutrient  concentration  in  streams  is  presented.  The  dramatic  increase 
in  the  usage  of  phosphates,  nitrogen,  and  potash  during  the  last 
thirty  years  in  Nebraska  is  an  example  of  the  direct  relationship 
between  irrigation  and  primary  nutrient  consumption,  and  is  shown  in 
figure  IV-  7.  Reuse  of  irrigation  outflows  could  be  a  means  to 
controlling  the  loss  of  nutrients  from  irrigated  farming  operations. 


Compaction  and  Crusting 

Compaction:  Soil  compaction  is  a  serious  problem  in  many  cultivated 
areas.  It  varies  with  the  kind  of  soil,  the  amount  of  organic  matter, 
the  surface  texture,  the  kind  and  weight  of  the  tillage  equipment,  and 
the  moisture  content  of  the  soil  when  it  is  tilled.  There  is  adequate 
evidence  that  compaction  and  poor  soil  structure  lower  crop  yields, 
decrease  the  rate  of  water  infiltration,  and  increase  runoff  and 
erosion,  but  the  direct  cause-and-effect  relationships  are  not  well 
understood. 

Tractors  and  tillage  implements  tend  to  form  a  compact  layer  in  the 
soil  at  the  bottom  of  the  tilley  layer  (Doneen  and  Henderson,  1953). 
Root  and  water  penetration  into  these  plow  pans  or  tillage  pans  is 
restricted.  Man-induced  compacted  subsoil  layers  are  common  in  fine- 
textured  irrigated  soils,  especially,  and  in  medium  and  moderately 
coarse- textured  dryland  soils.  The  adverse  effect  of  these  relatively 
dense  layers  is  due  to  the  reduction  they  cause  in  the  ease  of  root  and 
water  penetration  into  deeper  horizons  and  to  the  reduced  soil  volume 
the  roots  occupy.  Surface  runoff  is  increased,  plant  growth  is  reduced, 
and  crops  become  more  susceptible  to  drought  when  it  occurs. 

Subsoil  compaction  on  cultivated  lands  is  common  wherever  tillage  is 
done  to  about  the  same  depth  year  after  year.  Breaking  up  the  pay  is 
done  by  varying  tillage  depth.  Avoiding  tillage  when  soils  are  wet 
is  a  preventive  measure. 

Compaction  of  cultivated  soils  can  be  reduced  by  timing  tillage 
operations  for  periods  when  soils  are  relatively  dry,  by  utilizing 
minimum  tillage  practices,  and  by  varying  the  depth  of  tillage.  Soil 
crusting  is  the  result,  in  the  great  majority  of  cases,  of  the  soil 
being  low  in  organic  matter  and  without   good  vegetation  cover. 
Those  are  also  the  conditions  that  make  soils  susceptible  to  accel- 
erated wind  erosion.  As  with  wind  erosion  control,  the  best  way  to 
minimize  soil  crusting  is  to  provide  adequate  plant  cover  to  protect  the 
soil . 

Range  soils  experience  surface  compaction  and  crusting  by  the  hooves  of 
animals.    Some  compaction  occurs  whenever  grazing  occurs, 
but  the  effect  is  much  more  pronounced  when  the  land  is  overgrazed  and 
has  little  vegetation  protection.  The  absence  of  vegetation  cover 
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Increases  soil  crusting  and  compaction,  which  increases  runoff  and 
reduced  water  intake,  which  further  reduces  herbage  production  and 
once  more  increases  the  runoff  and  compaction  hazard.  And  so  range 
deterioration  gets  progressively  worse.  As  Rauzi  and  Fly  (1968)  noted, 
water  intake  rate,  range  condition  class,  and  herbage  production  on 
rangelands  tend  to  vary  together  on  a  specific  type  of  range  site. 
Water  intake  on  one  silty  site  was  0.95  inches  (2.5  cm)  per  hour  for 
a  range  in  fair  condition  and  3.37  inches  (9.6  cm)  per  hour  for  a 
range  in  excellent  condition. 

Soil  compaction,  by  increased  runoff,  increases  both  erosion  and  down- 
stream flooding.  Documentation  of  the  amount  of  damage  resulting 
from  compaction  alone  is  not  available.  The  extensiveness  of  the 
problem  in  arid  regions  indicates  that  the  environmental  impact  should 
be  large  in  the  aggregate  even  though  relatively  small  on  any  one 
field. 

Crusting:  Surface  crusts  are  a  major  structural  feature  of  many 
arid  region  soils  (Gary  and  Evans,  1974).  Crusts  also  increase  runoff 
and  erosion  and  interfere  with  seedling  emergence.  They  are  most  common 
in  nature  when  soils  are  low  in  organic  matter,  high  in  silt,  or  high 
in  exchangeable  sodium,  all  of  which  lead  to  unstable  soil  structure. 
Cultivation  and  overgrazing  tend  to  increase  soil  crusting  by  exposing 
the  soil  to  the  impact  of  raindrops,  which  effectively  destroys  the 
original  structure  and  causes  crusting. 

High-frequency  sprinkler  systems  have  a  similar  effect  on  unprotected 
irrigated  soils.  As  with  soil  compaction,  data  on  the  damage  done  by 
soil  crusts  are  not  available.   It  is  obvious,  however,  that  the  problem 
is  a  significant  one  when  a  light  rain  can  stop  seedling  emergence  over 
large  parts  of  a  field  (Dregne,  1980). 


Salinization  of  Soils 

Salinization  of  soils  is  one  of  the  serious  problems  that  can  appear  in 
irrigated  agriculture.  This  type  of  farming  requires  enough  water  for 
crops  to  grow,  and  for  soils  to  flush  the  salts  left  behind  by  evapor- 
ation. If  salts  are  not  flushed  away,  the  roots  of  plants  find  it 
increasingly  difficult  to  abstract,  from  the  soil /water  system,  the 
water  they  need  to  survive  and  thrive.  This  is  due  to  changes  in  the 
osmotic  pressure  of  water  as  it  becomes  more  and  more  saline.  (See  table 
IV-22  and  figures  IV-8  and  IV-9.) 

Salinization  of  dry- farmed  land  is  said  to  be  the  number  one  soil 
problem  in  the  northern  Great  Plains  (Vander  Pluym,  1978).  The  problem 
is  referred  to  as  saline  seepage.  Dryland  saline  seeps  are  the  result 
of  excess  soil  moisture  seeping  out  along  slopes  or  in  valleys.  Saline 
seeps  are  increasing  in  size  and  severity  in  the  United  States  and 
across  the  border  in  the  prairie  provinces  of  Canada.  About  2  million 
acres  (0.8  million  hectares)  of  dryland  are  severely  affected  by  saline 
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seepage  (U.S.  and  Canada)  and  another  7  million  acres  (2.7  million 
hectares)  are  affected  to  a  lesser  degree.  A  survey  in  Montana  showed 
that  dryland  saline  seeps  increased  from  53,000  (20,000  hectares)  in 
1959  to  156,000  acres  (60,000  hectares)  in  1975.  The  total  impact  of 
the  salinity  problem  has  not  been  completely  measured  but  it  has  been 
recognized  that  the  amount  of  affected  cropland  is  growing. 

Effective  measures  have  been  developed  to  control  dryland  saline 
seepage.  They  consist  of  (1)  preventing  the  formation  and  deep  percola- 
tion of  excess  moisture  in  the  recharge  area;  (2)  draining  groundwater 
from  the  seep  spots;  and  (3)  growing  salt- tolerant  crops.  Prevention 
is  the  preferred  measure  (Dregne,  1980). 

There  are  three  common  ways  to  alleviate  the  salt  problem  in  the  soil  in  irrigated 

The  first  method  is  to  allow  natural  precipitation  to  leach  the  salts       areas, 

below  the  rooting  zone.  This  system  is  used  primarily  in  low  intensity 

irrigation  projects  where  there  are  low  amounts  of  soluble  salt  present 

or  where  the  precipitation  occurs  at  the  appropriate  season.  Winter 

rains  are  especially  effective  in  removing  salt  from  the  soil.  A 

second  method  is  installation  of  tile  drains  to  remove  salty  water 

from  the  profile.  This  is  effective  in  areas  which  also  have  problems 

of  waterlogging.  A  third  method  is  adding  excess  water  to  leach  salts 

from  the  profile,  in  conjunction  with  subsurface  drainage.  The  salt 

content  of  the  soil  can  usually  be  kept  at  a  satisfactory  low  level  as 

long  as  the  flow  of  water  is  down  or  away  from  the  rooting  zone. 

Control  of  the  dryland  saline  seep  problem  calls  for  intensive  cropping, 
growing  deep-rooted  perennial  plants,  and  draining  wet  areas.  The 
first  two  practices  can  be  carried  out  by  the  farmer;  land  drainage  is 
a  practice  which  frequently  is  cost-shared  by  the  farmer  and  the 
federal  government  (Dregne,  1980). 

Waterlogging 

Waterlogging  of  soils  is  the  other  serious  problem  associated  with 
irrigated  agriculture.  It  arises  when  the  infiltration  rate  of  the 
soil  exceeds  the  permeability  (hydraulic  conductivity)  of  some  horizon 
within  the  soil.  In  that  event,  water  accumulates  within  the  profile 
and  adversely  affects  root  growth.  Waterlogging  can  be  controlled  by 
reducing  the  amount  of  irrigation  water  applied,  improving  water  and 
land  management  practices,  and  by  draining  the  soil  with  open  or 
closed  drainage  systems. 

There  are  no  good  data  on  the  amount  of  salinized  and  waterlogged 
irrigated  land  in  the  17  Western  States.  A  figure  of  25  percent  has 
long  been  used  for  the  amount  of  land  affected  seriously  enough  to 
reduce  crop  yields.  The  main  affected  areas  are  in  the  Colorado  and 
Rio  Grande  watersheds,  the  Great  Basin  region,  and  the  Imperial  and 
San  Joaquin  valleys  of  California. 
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The  problem  of  waterlogged  soils  is  not  a  recent  phenomenon.  Problems 
of  waterlogging  were  encountered  by  prehistoric  Indian  tribes  in 
southern  Arizona  (Skibitzke  et  al.,  1963).  They  used  brush  dams  to 
divert  water  into  a  canal  system.  The  gradient  of  the  canals  was  less 
than  that  of  the  streams,  and  the  land  became  waterlogged.  After 
several  hundred  years,  their  agricultural  enterprise  failed  due  to 
waterlogging.  Waterlogging  is  still  a  problem  in  irrigated  agriculture, 
and  it  increases  with  the  area  irrigated.  For  the  17  Western  States, 
the  irrigated  area  has  increased  from  just  over  2.5  million  acres 
(one  million  hectares)  in  1889  to  35-51  million  acres  (14-19  million 
hectares)  in  1977.  The  distribution  of  irrigated  land  for  these  17 
states  is  shown  in  table  IV-  23. 

Waterlogging  is  a  problem  that  is  usually  profitable  for  the  individ- 
ual farmer  to  correct  if  it  is  due  to  on-farm  conditions.  If  high 
water  tables  are  due  to  seepage  from  streams  or  community  canals  or 
neighboring  lands,  then  some  kind  of  government  financing  is  expected 
to  pay  the  cost  of  drainage.  Drainage  districts,  as  legal  entities, 
are  one  means  of  obtaining  community  action  and  government  financing 
for  large  scale  drainage  works. 

Water  Salinity  Buildup 

The  concentration  of  dissolved  solids  in  streamflow  is  of  great 
concern  in  most  of  the  Western  United  States  (figure  IV- 10).  This 
concentration  occurs  partly  because  some  of  the  water  withdrawn  for 
such  uses  as  irrigation  returns  to  the  stream  bearing  dissolved 
material.  Irrigated  agriculture  would  seem  to  offer  the  solution  to 
problems  of  arid  land  degradation.  With  irrigation,  crop  yields 
improve,  erosion  control  is  facilitated,  new  crops  may  be  grown,  and 
a  more  stable  economy  is  possible  than  when  there  is  complete 
dependence  on  natural  precipitation.  However,  a  price  is  exacted 
for  that  favorable  situation.  All  irrigation  water,  regardless  of 
its  source,  contains  dissolved  salts,  and  these  salts  find  their  way 
into  surface  and  ground  waters  if  certain  precautions  are  not  taken. 

Another  factor  influencing  salinity  buildup  is  the  evaporation  of 
water  from  reservoirs,  leaving  the  salts,  whose  concentration  1s 
increased.  Also,  any  diversion  of  flow  leaves  less  water  to  dilute 
high  salt  concentrations  due  to  natural  causes,  such  as  salt  springs. 
Further,  consumptive  losses  associated  with  municipal  and  industrial 
water  uses,  evapotranspi ration  losses  from  native  vegetation  on 
noncropped  land,  and  out-of-basin  diversions  of  water  are  other 
causes  of  Increasing  salinity  even  if  no  more  salt  Is  added  to  the 
system  (NWC,  1973).  The  salinity  problem  is  Increasing  not  only  In 
surface  waters  but  in  ground  waters  as  well.  Salinity  problems  are 
In  general  related  to  poor  drainage,  inappropriate  irrigation  practices, 
and  disturbances  of  saline  geological  formations  and  soils. 
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Salinity  affects  agricultural  productivity,  and  about  25%  of  the 
irrigated  land  in  the  U.S.  suffers  from  some  degree  of  salinization 
and/or  waterlogging. 

Erosion  is  also  a  major  contributor  to  salt  loading  in  Western 
streams.  Soils  high  in  salt  content  such  as  marine  shales  are  high 
contributors  and  probably  the  largest  diffused  source.  These  salts 
are  highly  soluble  and  are  concentrated  in  surface  runoff  through 
erosion. 

Critical  diffuse  salt  areas  occur  in  the  Western  States  and  are 
generally  associated  with  outcrop  areas  or  soils  derived  from  soft 
marine  shales.  See  table  IV-24.  Over  one  half  of  the  10.7  million 
tons  of  salt  estimated  to  flow  in  the  Colorado  River  (see  tables 
IV-25  and  IV-26)  is  from  diffuse  salt  source  areas.  Soft  marine 
shales  of  the  Pierre  and  Bearpaw  Formations  occur  in  semiarid  areas 
of  Montana,  Wyoming,  and  Colorado.  The  Great  Basin  has  extensive 
areas  of  salts  occurring  in  Lake  Lahontan  and  Lake  Bonneville 
sediments;  however,  much  of  this  salt  is  located  in  the  Great  Salt 
Lake  and  various  playa  lakes  associated  with  ancient  Lake  Lahontan 
and  Bonneville. 

Other  critical  salt  source  areas  occurring  mainly  in  association 
with  saline  marine  shales  are  the  Upper  Arkansas  in  Colorado  and  the 
Rio  Grande  and  Pecos  drainages  in  New  Mexico. 

Salts  have  also  built  up  in  soils  over  time  in  the  Snake  River  Valley 
of  Idaho,  Yakima  Valley  in  Washington,  the  Imperial,  Sacramento,  and 
Tulare  Basins  in  California,  and  the  Closed  Basin  of  the  Rio  Grande 
in  Colorado  because  of  inadequate  leaching  under  arid  climatic 
conditions  (USDI,  1975). 

The  Colorado  River  is  an  example  of  quality  problems  caused  by 
dissolved  solids.  Generally,  flows  in  the  headwaters  of  the  Colorado 
River  are  of  high  quality,  usually  with  less  than  50  parts  per  million 
(ppm)  of  dissolved  solids,  but  the  concentration  increases  progres- 
sively downstream  from  both  natural  and  manmade  causes  to  about 
20-fold.  At  Imperial  Dam,  in  the  Lower  Colorado  River  Basin,  the 
measured  flows  have  had  an  average  concentration  of  about  865  ppm. 
If  present  trends  continue,  it  is  estimated  that  the  concentration 
will  reach  1340  ppm  by  the  year  2000,  two-and-a-half  times  the 
recommended  maximum  allowable  concentration  for  municipal  water 
supplied,  and  dangerously  high  for  agricultural  use  (NWC,  1973). 
This  has  reduced  Sal  ton  Sea  fisheries  production;  the  productivity 
of  the  land  base;  and  the  palatability  of  water  supplies  for  domestic 
use.  It  has  added  treatment  costs  for  municipal  supplies,  increased 
corrosion  and  scaling  of  pipes  and  equipment,  accelerated  fabric 
wear,  and  added  treatment  costs  of  industrial  water  and  other  costs 
for  industrial  makeup  and  processed  water  (USDI,  1975).  It  has  also 
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caused  significant  reductions  in  U.S.  and  Mexican  agricultural  produc- 
tion. It  has  been  estimated  that  the  damage  to  agriculture  is  about 
$40,000  annually  per  mg/1  salt  load  and  that  municipal  damages  are 
about  $289,000  per  mg/1.  See  table  IV-27.  In  the  San  Joaquin  Valley 
more  than  $30  million  have  been  lost  yearly  as  a  result  of  high  saline 
water  tables.  If  irrigation  proceeds  there  in  the  same  fashion  as 
today,  in  twenty  years  around  3/4  of  a  million  acres  will  be  affected, 
with  an  annual  loss  of  $300  million  (Grew,  1979). 

It  has  been  estimated  that  salinity  buildup  due  to  irrigation  was 
costing  $16  million/year  in  1970  in  direct  damages  (EPA,  1974)  in 
the  Lower  Colorado  Basin.  Since  salinity  in  water  and  soil  is 
incresing  in  the  Western  and  Great  Plains  States,  it  is  necessary  to 
calculate  these  damage  costs  with  a  greater  degree  of  accuracy.  If 
we  consider  that  today  there  are  approximately  34  million  acres  of 
irrigated  cropland  in  the  17  Western  States,  the  magnitude  of  the 
potential  problem,  wherever  irrigation  occurs  without  proper  safe- 
guards, can  be  surmised. 

Fertilizer  and  pesticide  use  has  expanded  rapidly  in  the  17  Western 
States  during  the  last  thirty  years,  in  order  to  maximize  crop  pro- 
duction (table  IV-28).  This  in  turn  has  impacted  heavily  on  the 
surface  and  ground  water  resources.  Under  Section  208  of  the  Federal 
Water  Pollution  Control  Act  Amendments  of  1972  which  concerns  runoff, 
agricultural,  urban  and  any  other  nonpoint  pollution  sources,  pro- 
cedures and  methods  of  control  will  be  adopted.  States  have 
completed  some  management  plans,  but  the  two-year  timeframe  has 
been  recognized  as  insufficient.  Amendments  were  enacted  in  1977 
to  remedy  this,  and  Section  208  planning  is  continuing  at  present. 

Data  on  the  cost  of  complying  with  Section  208  will  be  available  when 
the  State  start  implementing  plans  to  abate  non-point  pollution. 
From  these  data  the  cost  of  controlling  salinity  and  sedimentation 
could  be  extracted  and  used  to  calculate  the  cost-benefit  ratios  for 
diverse  water  management  and  conservation  schemes.  One  example  is 
the  possible  down-sizing,  with  ensuing  substantial  earnings,  of  the 
96  mgd  Yuma  Desalting  Plant,  if  irrigation  efficiency  of  the  Well  ton- 
Mohawk  District  can  be  improved  and  the  drainage  flow  reduced. 

Sedimentation 

Sediment,  the  product  of  erosion,  may  cause  damage  along  streams, 
rivers,  lakes,  and  wherever  it  is  deposited.  Sediment  can  result 
in  overwash,  swamping,  and  increased  flooding.  It  accumulates  in 
reservoirs,  increases  treatment  costs  of  municipal  and  industrial 
supplies,  makes  navigable  streams  impassible  without  dredging,  clogs 
irrigation  and  drainage  improvements,  smothers  growing  plants  and 
spoils  harvestable  crops,  increases  maintenance  costs  of  utility 
and  transportation  facilities,  decreases  the  recreational  value  of 
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water,  and  adversely  affects  the  fishery  resource. 

The  erosion  problems  occur  on  both  irrigated  and  nonirri gated  lands. 
Existing  erosion  control  technology  has  not  been  universally 
accepted  and  used,  primarily  because  of  direct  or  indirect  economic 
considerations  (USDA,  1975). 

Over  four  billion  tons  of  soil  are  picked  up  each  year  by  the  nation's 
streams,  and  25%  of  this  total  tonnage  is  discharged  into  the  oceans. 
The  other  75%  is  moved  around  within  drainage  basins.  The  dollar 
amount  of  damages  caused  by  sediment  is  difficult  to  determine,  but 
it  has  been  estimated  at  over  $500  million  per  year. 

In  the  Western  States  one-fifth  of  the  sediment  produced  by  erosion 
ends  up  in  the  ocean.  The  remainder  settles,  as  has  been  described, 
in  reservoirs,  rivers,  and  lakes,  shortening  their  useful  life.  In 
various  places  it  is  spread  by  flooding  over  the  bottomlands  of 
watersheds  and  interior  basins.  Additionally,  sediment  from  agri- 
cultural areas  usually  carries  with  in  fertilizer,  pesticides,  and 
other  materials  which  also  pollute  the  receiving  waters.  Sediment 
runoff  also  occurs  naturally,  but  is  accelerated  by  agriculture, 
grazing,  timber  cutting,  mining,  construction,  dredge  and  fill 
operations,  streambank  cutting--especially  during  floods,  urban  and 
roadway  runoff,  and  other  causes.  About  two- thirds  of  the  sediments 
come  from  agricultural  lands. 

Sediment  not  only  increases  the  flooding  hazard,  but  interferes 
with  fish  survival  and  reproduction,  damages  wildlife  habitat  in 
overflow  areas,  and  impairs  roadside  ditches  and  drains.  Realistic 
estimates  of  the  costs  of  many  of  these  kinds  of  damage  are  not 
available,  but  they  are  substantial.  Table  IV-29  shows  annual  sediment 
yield  by  region. 

The  Water  and  Power  Resources  Service  has  noted  that  the  Eel  River 
in  Northwest  California  has  the  highest  recorded  average  annual  _ 
suspended  sediment  yield  per  square  mile  for  a  large  watershed  in 
the  United  States.  About  25  percent  of  the  erosion  is  from  land- 
slides, 65  percent  from  channel  erosion,  and  10  percent  from  sheet 
and  rill  erosion.  The  average  annual  suspended  load  from  1957  to 
1967  was  more  than  31  million  tons;  however,  the  floods  in  December 
1964  and  January  1965  caused  a  suspended  discharge  of  160  million 
tons  in  a  30-day  period.  According  to  the  WPRS,  in  the  wheatland 
area  of  the  Columbia  River  about  4  million  acres  are  subject  to 
critical  water  erosion. 

In  the  Rio  Grande  watershed,  overgrazing  and  poor  rangeland  manage- 
ment has  resulted  in  an  increased  shrub-to-grass  ratio,  and  a 
serious  problem  of  runoff  and  sedimentation  exists.  About 
800,000  cubic  yards  of  sediment  per  year  are  deposited  in  the  Rio 
Grande  floodplain.  The  Rio  Puerco  Valley  in  the  upper  Rio  Grande 
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basin  contributes  almost  half  of  the  measured  sediment,  although  it 
has  less  than  9  percent  of  the  water  yield  and  only  20  percent  of 
the  upper  basin  area. 

The  high-sediment  yield  areas  in  Montana  are  associated  with  geologic 
erosion  of  barren  or  nearly  barren  areas  where  Pierre  and  Bearpaw 
marine  shales  outcrop  at  the  surface  and  from  badland  areas,  mainly 
in  the  central  and  eastern  part  of  the  State.  Sediment  yield  rates 
as  high  as  15  acre- feet  per  square  mile  per  year  have  been  measured 
in  the  shale  badland  areas.  Numerous  small  reservoirs  have  filled 
with  sediment  in  a  few  years. 

The  dredging  of  sediments  from  U.S.  rivers  and  harbors  costs  the 
nation  about  $250  million  annually.  Of  this  total, 

it  seems  reasonable  to  believe  that  at  least  $100  million  is  spent 
in  the  West.  The  loss  of  reservoir  capacity  is  estimated  to  cost 
the  country  about  $50  million  annually  and  most  of 

this  occurs  in  the  West.  These  and  other  sediment  damages  are 
estimated  to  cost  the  United  States  $500  million  annually 

of  which  more  than  half  occurs  in  the  Western 
States. 
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Table     lV-3 

Non-federal  Rangeland:     Extent,  Condition  and  Estimated  Losses  in  Cattle  Production  (1977) 
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State 

Acreage 
35,092 

Average  Rar 
txcel lent 
+  Good 

ige  Com 
Fair 

45% 

dition 
Poor 

Arizona 

33% 

22% 

California 

17,555 

19% 

35% 

46% 

Colorado 

23,802 

40% 

44% 

16% 

Idaho 

6,586 

21% 

50% 

29% 

Kansas 

16,272 

55% 

34% 

11% 

Montana 

38,833 

54% 

39% 

7% 

Nebraska 

22,001 

46% 

35% 

19% 

Nevada 

7,349 

17% 

55% 

28% 

New  Mexico 

42,096 

26% 

57% 

17% 

No.  Dakota 

10,564 

64% 

26% 

10% 

Oklahoma 

14,569 

48% 

41% 

11% 

Oregon 

10,109 

38% 

35% 

27% 

So.  Dakota 

22,199 

60% 

32% 

8% 

Texas 

95,401 

36% 

46% 

18% 

Utah 

9,352 

23% 

49% 

28% 

Washington 

6,041 

43% 

41% 

16% 

Wyomi  ng 

26,171 

50% 

44% 

6% 

JV.30 


Table    IV-3  -  continued 


Cattle  Marketi 

ng  in  Lbs/Acre 

by  Ramqe  Condition 

Cattle  Losses  Due  to 

Exc.  +  Good 
0  14.3  Lbs/acre 
Total  Production 

Fair 
(3  11.2  Lbs/Acre 
Total  Production 

176,864 

Poor 

(3  8.9  Lbs/Acre 

Total  Production 

68,710 

Less  Productive  Range 
Total  Lbs. 

165,599 

245,574 

47,697 

68,816 

71,870 

140,686 

136,147 

117,296 

33,894 

151,190 

19,779 

36,882 

16,998 

53,380 

127,979 

61,964 

15,930 

77,894 

299,868 

169,623 

24,193 

193,816 

144,723 

86,244 

37,204 

123,448 

17,868 

45,270 

18,314 

63,584 

156,513 

268,741 

63,691 

332,432 

96,682 

30,762 

9,402 

40,164 

100,002 

66,901 

14,263 

81,164 

54,932 

39,627 

24,292 

63,919 

190,467 

79,561 

15,806 

95,367 

491,124 

491,506 

152,832 

644,338 

30,792 

51,379 

23,330 

74,709 

37,146 

27,740 

8,602 

36,342 

187,123 

128,971 

13,975 

142,946 
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Table  IV- 4 

Condition  of  Selected  Rangeland  Ecosystems  in  the  United  States,  1976 

(Each  row  totals  approximately  100%) 


Ecosystem 

%  High 

%  Moderately 
High       Low 

%   Low 

Contiguous  States: 

Grasslands 

Annual  Grasslands 

13.2 

5.0 

36.7 

45.0 

Plains  Grasslands 

14.7 

34.2 

39.6 

11.5 

Prairie 

13.9 

34.2 

38.1 

13.7 

Grassland  Ecosystems 
Total 

14.3 

32.5 

39.4 

13.8 

Shrublands 

Texas  Savanna 

16.4 

23.5 

45.9 

14.2 

Southwestern 
Shrubsteppe 

10.5 

14.8 

41.5 

33.2 

Pi nyon- Juniper 

9.1 

28.6 

44.4 

18.0 

Shrublands  Ecosystems 
Total 

14.5 

30.4 

36.7 

18.3 

Source:  USDA,  RPA,  Review  Draft. 
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Table  IV- 7 


Rangeland  condition  in  non- forested  ecosystems, 
17  western  states,  1972.* 


Ecosystem 

Range  condition 

Area 
acres 

Good 
% 

Fair 
1 

Poor 

Western  rangelands 
Great  Plains 

17.6 
48.3 

28.5 

50.0 
44.9 

48.2 

32.3 
6.8 

23.3 

418,625, 
228,859, 

,000 
,000 

Total 

647,484,000 

*  Source:  Agricultural  Research  Service,  1974. 
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IV. ^9 


Table  IV-ll 


Estiaated  average  annual  wind  erosion  from  cropland, 
in  tons  per  acre,  in  the  Great  Plains  States  (1977) 


Great  Plains     All 
states    cropland 


He 


Land  capability  class  and  subclass 
Hie      IVe       Vie 


lis 


Tons  per  acre 

Colorado 8.9      3.9        5.2  11.9 

Kansas 2.9      2.2        2.4  6.2 

Montana 3.8      1.25       3.8  7.2 

Nebraska 1.25     1.05       0.8  2.1 

New  Mexico—    11.5     11.5       10.8  18.5 

North  Dakota-     1.8      2.0        1.8  2.6 

Oklahoma 3.0      2.1        4.1  5.3 

South  Dakota-     3.0      4.1        3.9  4.4 

Texas 14.9      7.0       15.6  57.45 

Wyoming 2.4      2.9        3.5  2.3 

Source:   1977  National  Resource  Inventories  (USDA,  1978) 
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8.4 

1.7 

5.6 

2.75 

5.9 

0.65 

20.5 

6.9 

2.1 

2.5 

3.25 

0.6 

3.6 

1.8 

101.55 

11.9 

0.3 

4.2 
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Table    IV- 16 

Estimated  Average  Annual    Losses  of  Land  by  Riverbank  Erosion 


Region 

Missouri 

Arkansas-White-Red 

Texas-Gulf 

Rio  Grande 

Great  Basin 

Columbia- North  Pacific 

California 


Areas  of 

Average 

Significant 

Land 

Erosion 

Losses 

River  Miles 

Acres/Ye. 

1,692 

5,000 

2,300 

7,300 

1.698 

1,045 

250 

150 

265 

150 

13,500 

1,300 

2,600 

3.837 
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Table   IV- 17 

Existing  Streambank  Erosion:  Bank  Miles  and  Annual  Soil  Loss 
in  the  Western  States  (not  including  the  Great  Plains  States) 

Watersheds  Less  than  400  Square  Miles 

Total  Channel  Length  (stream  miles) :  1,247,740 
Moderate  Erosion: 

Length  (bank  miles):  173,738 

Soil  Loss  (tons/mi.):  420 

Serious  Erosion: 

Length  (bank  miles):  42,943 
Soil  Loss  (tons/mi.):  1,360 

Watersheds  Greater  than  400  Square  Miles 

Total  Channel  Length  (stream  miles) :  50,183 
Moderate  Erosion: 

Length  (bank  miles):  12,519 

Soil  Loss  (tons/mi.):  540 

Serious  Erosion: 

Length   (bank  miles):     4,615 
Soil    Loss    (tons/mi.):     1,200 


Source:     DOI,  Critical   Water  Problems   Facing  the  Eleven  Western  States, 
April   1975;   Derived  from  SCS  data,  August  1974. 
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Table    IV-22 


Saline  Public  Lands  in  the  Upper  Colorado  River  Basin 

(in  acres) 


State 

Non-  &  Slightly* 
Saline 

Moderately* 
Saline 

Highly* 
Saline 

Colorado 
Utah 
Wyomi  ng 

5,657,070 
8,765,609 
3,952,122 

713,448 
1,605,498 
3,473,510 

469,482 

2,284.893 

435,368 

TOTAL 

18,374,801 

5,792,456 

3,189,740 

Total  Moderately  and 

Highly  Saline     8,982,196 


GRAND  TOTAL 


27,356,997 


b.  *Class 
Nonsaline 
Slightly  saline 
Moderately  saline 
Highly  saline 


Salinity  (mg/l) 

0  to  250 

251  to  1,000 

1,001  to  2,000 

More  than  2,000 
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Table  IV-22C. 

Common  Agronomic  Soil  Salinity  Classification  System 


Salinity  Class 


Electrical  Conductivity  at  25°C. 
of  Saturation  Extract  in  Micromhos/Cm 
Upper  Soil  Layer      Lower  Soil  Layer 


Nonsaline 
Slightly  Saline 

Moderately  Saline 

Strongly  Saline  (Highly) 


<  4,000 

<  4,000  above 
8  inches 

4,000  -  16,000 
above  20  inches 

>  16,000 


<  4,000 

4,000  -  16,000 
below  8  inches 

>  16,000  below 
20  inches 

> 16,000 


Upper  soil  layer  =  Topsoil,  layer  of  greatest  biological  activity, 
ranges  in  depth  from  1  to  24  inches. 

Lower  soil  layer  =  Subsoil,  layer  of  accumulation  of  clay,  iron  and 

aluminum  compounds,  and  other  mineral  substances,  is  generally  two 
to  three  times  the  depth  of  the  topsoil. 


Source:  Bureau  of  Land  Management,  The  Effects  of  Surface  Disturbance 
on  the  Salinity  of  Public  Lands  in  the  Upper  Colorado  River  Basin 
(1977  Status  Report),  February  1978. 
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Table    IV-23 

Irrigated  land  in  the  17  western  states,  1956  and  1978 


State 


1956 

Arizona 

1.15 

California 

7.75 

Colorado 

2.38 

Idaho 

2.41 

Kansas 

0.72 

Montana 

1.89 

Nebraska 

2.01 

Nevada 

0.70 

New  Mexico 

0.80 

North  Dakota 

0.05 

Oklahoma 

0.29 

Oregon 

1.58 

South  Dakota 

0.12 

Texas 

6.96 

Utah 

1.20 

Washington 

0.95 

Wyoming 

1.30 

Irrigated  land,  millions  of  acres 


'WI 


1.03 
9.10 
3.03 
3.93 
3.42 
3.11 
7.26 
1.30 
1.24 
0.15 
0.90 
1.97 
0.41 
8.95 
2.03 
1.64 
1.79 


17  western  states 


32.26 


51.27 


-86- 


«3- 

CM 

I 


JH 
& 


Q 
111 


CO 

O  L&J 

<^£ 

III  lU 

Q. 
UJ 

Z 


c 
o  — . 

Is 

o 


0)   u 

E  5 

O  CO 
CO 


O  CM 


r^  CO  'a*  T-  r*. 


o 
o 


c 

CD 


c 

« 

c 

(0 


E    (D 

2  o 


c? 


c  c 

03    (Q    <D 
O  -J  73 

♦-   oj  2   CO  •—   ©  r- 
(o   w   S  ^   C  X 
(0   o   O    w  p  -^ 

(0Oa.u.cc3ao 


(0 

o 


o 

a 
E 

c 

E 

c 
o 

^ 

c 

UJ 

E 

(D 

k. 

O) 

o 


Is 

o2 

CB    C 

CO  CO 

(D 
O 

w 

3 

O 

CO 


-87- 


(V.s-v 


I 


Table  IV-25 

Average  Annual  Salt  and  Water  Yields  at  Selected  Gaging  Stations 

on  the  Colorado  River 

Salt  Load        Concentration  Period 

Name  of  Station  (tons)  (mg/1 )  of  Record 

Colorado 
Near  Hot  Sulphur  Springs  26,000  64  1947-57 

19.500  80  1966-75 

Utah 
Near  Cisco  4.363,000  610  1929-57 

3.816,000  614  1966-75 

Arizona- California 
Near  Mexican  Border        9.194.000      938  1977 


Rounded  figures. 

Source:  Bureau  of  Land  Management,  The  Effects  of  Surface  Disturbance 
on  the  Salinity  of  Public  Lands  in  the  Upper  Colorado  River 
Basin  (1977  Status  Report),  February  1978. 
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Table  IV-26 

Summary  of  Estimated  Total  Runoff,  Sediment,  and  Salt  Produced  from 
Public  Lands  in  the  Three  Upper  Colorado  River  Basin  States  of 
Colorado,  Utah,  and  Wyoming 


Salinity 

Class 

YIELDS  BY  STATE 

Highly 
Saline 

Moderately 
Saline 

Non-  and 

Slightly 

Saline 

TOTAL 

COLORADO 

Runoff 
(ac-ft/yr) 

7,600 

17,900 

287,000 

312,500 

Sediment 
(tons/yr) 

897,000 

986,000 

8,099,000 

9,982,000 

Salt 
(tons/yr) 

34,400 

19,400 

113,000 

166,800 

UTAH 

Runoff 

36,900 

40,000 

445,000 

521 ,900 

Sediment 

4,363,000 

2,210,000 

12,550,000 

19,123,000 

Salt 

167,000 

43,600 

176,000 

386,600 

WYOMING 

Runoff 

7,000 

21,300 

201 ,000 

229,300 

Sediment 

831 ,000 

2,449,000 

5,658,000 

8,938,000 

Salt 

31,900 

33,300 

79,300 

144,500 

TOTAL  OF  3  STATES 
Runoff  51,500 

Sediment       6,091,000 
Salt  233,300 


79,200      933,000     1,063,700 

5,645,000    26,307,000    38,043,000 

96,300      368.300      697,900 


Source:  Bureau  of  Land  Management,  The  Effects  of  Surface  Disturbance 
on  the  Salinity  of  Public  Lands  in  the  Upper  Colorado  River  Basin 
(1977  Status  Report),  February  1978.  ~~ 


-81'" 


Table  IV-27 

Salinity  Damages  in  the  Lower  Colorado  River  Basin 


Agricultural  Damages 


Estimated 
Average 

$/mq/l 

$  33,168 


-1974  Dollars- 


1977  Estimated 

Damage  0  6.7% 

Inflation  Rate 

^ImU 

$  40,000 


Municipal  (Household)  Damages 

Metropolitan  Water  District 
Central  Arizona  Service  Area 
Lower  Main  Stem 


$187,000 
26,300 
27,200 


$240,500 


$289,000 


Industrial  Damages 


Average  agricultural,  municipal  and 
industrial  damages  estimated 
from  salinity 


$  1,500 


$  1,800 


$330,800 


Source:  Bureau  of  Land  Management,  The  Effects  of  Surface  Disturbance 
on  the  Salinity  of  Public  Lands  in  the  Upper  Colorado  River  Basin 
(1977  Status  Report),  February  197€. 
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Table   IV- 28 


Commercial  Fertilizer  Consumed 
(tons) 


Region 

Great  Plains 
Mountain 
Pacific 


1975 
6,363,609 
1,653,162 
5,086,523 


1977 
8,027,664 
1,875,997 
5,876,968 


Source:  USDA,  Agricultural  Statistics,  1978 
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Table     IV-29 

Annual    Sediment   Yield  by  Region 


Acre- feet/ 
Sq.   MUe 

0.15 

0.38 

0.27 

0.12   (minimum) 

0.45 

0.45 

0.55  (maximum) 

0.29 

0.35 

0.29 


BuRec,  USDI, 
Source:   /  Critical  Water  Problems  Facing  the  Eleven  Western  States, 
April  1975.  Developed  from  SCS  data,  August  1974. 


Region 

Drainage  Area 
(Sq.   Miles) 

Columbia-North 

Pacific 

273,784 

California 

165,177 

Missouri 

221,998 

Great  Basin 

139,372 

Upper  Colorado 

113,341 

Lower  Colorado 

136,333 

Rio  Grande 

82,277 

Arkansas-White- 

■Red 

46,204 

Texas  Gulf 

5,913 

Westwide  Total 

1,184,399 
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Figure     IV- 3 


SOIL  EROSION 


^^^m^y^ 


Slight 

Moderate 

Severe 


4 


Fi|ire  1.    Generalized  soil  erosion,  17  western  states. 
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Figure      IV-8. 


SALINITY  AND/OR  WATERLOGGING 


Irrigated  problem  areas 


Dryland  saline  seep  areas 


Figure  2.  Salinity  and/or  waterlogging  problem  areas. 
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A\ 


•  rel:  -\' 


i 


-^ 


3ACRAMENTC 


Si" 

PRA', 


^   % 


-'    ■  ^         •   .♦•  RIVERSIDE 
LOS    ANGELES.^  1^ 

V 

StS    DIEGO' 


I    \1  IH)kM  \-  M  \M>\ 


DISTRIBUTION     OF    SALT    AFFECTED    SOILS     IN    CALIFORNIA 

Publ'Shed   Soil    Survey    Reports 

G.L,   Huntington,    1969 
-101- 


W.Qff' 


o 

T3 

> 

in 


TJ 

4-1 

o 


o 

a 

c 
o 

c 

E 

o 
u 


CO 


o 

(0 

n 

(U 

> 

O 
09 
(0 


■u 
O 


(0 

U3 
O 
U 

&< 

C 

o 


•H 

CO 

4J 

<u 

3 

a 

rH 

u 

t— f 

3 

o 

O 

cu 

CO 

o 

00 


<: 
o 
cc: 


I 


<: 
o 


0) 

t-l 

a 


U 

O 


-102- 


IV. 6^ 


V.  Factors  Affecting  the  Desertification  Process 

Land  Uses 

This  section  examines  the  principal  factors,  both  natural  and  human, 
that  may  affect  desertification.  The  major  land-use  patterns  in  the 
Western  and  Great  Plains  States  under  private  and  public  ownership 
will  be  discussed.  See  figures  V-1  and  V-2.   It  is  to  be  emphasized 
that  none  of  the  described  land  uses  and  management  practices  is 
considered  per  se  causative  of  desertification,  and  that  the  degrada- 
tion of  natural  resources  in  many  instances  may  be  the  product  of  a 
neglect  of  adopting  normal  safeguards. 

As  has  been  stated,  desertification  is  the  result  of  various  ecologic 
changes  that  lead  to  soil  depletion  by  erosion  and  nutrient  losses, 
impoverishment  of  the  vegetation  and  dependent  animal  life,  salinization 
and  waterlogging  of  irrigated  and  non-irrigated  lands,  degradation  and 
exhaustion  of  water  resources,  and  impairment  and  spoliation  of  land 
surfaces.  Desertification  may  be  spread  by  the  hand  of  man  along  a 
desert  edge,  but  far  more  generally  it  happens  in  patches  over  cropland 
and  rangeland  areas  in  arid  and  semiarid  regions.  It  may  also  happen 
locally  in  overused  recreation  areas,  mine  land  areas,  and  even  uncared- 
for  urbanizing  areas.  As  seen  elsewhere, desertification  is  already 
severe  or  very  severe  on  over  155  million  acres  and  moderate  on  648 
million  acres  in  the  U.S.  It  is  like  a  malignancy,  reducing  the  produc- 
tivity and  sapping  the  strength  and  beauty  of  the  U.S.  There  are 
indications  that  it  is  steadily  spreading  in  some  parts  of  the  country 
and  that  the  rate  of  desertification  may  accelerate  if  development  and 
management  of  natural  resources  in  our  arid/semiarid  regions  are  under- 
taken without  proper  safeguards. 

Farming 

Loss  of  land  productivity  became  a  nationwide  concern  in  the  1930s.  The 
stage  had  been  set  a  decade  before,  when  an  economic  recession,  coupled 
with  extremely  low  rainfall  in  the  northern  plains,  caused  the  abandonment 
of  much  Great  Plains  land  broken  for  farming  during  World  War  I.  Of  the 
70,000  to  80,000  people  who  had  homesteaded  between  1909  and  1918  in 
Montana,  for  example,  60,000  abandoned  their  farms  by  1922.  Much  of  this 
deserted  plains  acreage  was  still  unprotected  by  permanent  vegetation 
by  1930.  Winds  sweeping  bone-dry,  unprotected  soil  carried  dust  from 
Oklahoma,  Kansas,  and  the  Dakotas  as  far  east  as  New  York  and  Washington. 
Single  dust  storms  dislodged  and  moved  as  much  as  300  million  tons  of 
topsoil.  Soil  picked  up  from  abandoned  fields  blasted  and  buried  crops 
on  still -cultivated  acres,  causing  these  lands  to  be  abandoned  in  turn. 
See  the  crop  loss  figures  for  1939  and  1956  in  table  V-1. 
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Since  the  Dust  Bowl  era,  and  particularly  after  World  War  II,  American 
agriculture  has  become  increasingly  mechanized.  The  tractor  replaced 
the  horse,  freeing  millions  of  acres  from  pasture  and  fodder  production 
for  conversion  to  rowcrops.  Since  large,  expensive  equipment  can  be 
used  profitably  only  on  large  acreages,  preferably  in  a  single  crop, 
whole  regions  are  in  monoculture.  The  result  has  been  trees  and  fences, 
with  their  attendant  wildlife  cover,  coming  down,  and  rowcrops  replacing 
pasture  and  hay.  These  and  other  changes  in  agricultural  technology 
have  had  some  negative  impacts  that  will  be  described  below. 

The  number  one  wind  erosion  problem  is  the  cultivation  of  sandy  soils 
on  the  dry  margin  of  the  semiarid  climatic  zone.  These  soils  are 
difficult  to  stabilize,  as  was  accomplished  to  a  considerable  degree 
under  the  Soil  Bank  program  of  the  1950s.  Rising  grain  prices  and 
production  costs  and  government  urging  to  increase  production  have 
persuaded  many  farmers  to  again  cultivate  marginal  lands.  In  1974,  about 
140,000,000  acres  (55,000,000  hectares)  of  land  in  the  17  Western  States 
were  used  for  dryland  cropping.  The  rapid  expansion  of  center-pivot 
sprinkler  irrigation  systems  has  occurred  largely  on  erosion-prone  sandy 
soils  in  the  western  Great  Plains  where  the  source  of  irrigation  water 
is  the  Ogallala  Aquifer.   If  or  when  pumping  in  those  areas  becomes 
uneconomic,  the  abandoned  land  will  be  ripe  for  greatly  accelerated  vind 
erosion. 

The  severity  of  wind  erosion  is  dependent  upon  year-to-year  fluctuations 
in  weather.  Approximately  4.6  million  acres  (1.8  million  hectares)  of 
cultivated  land  in  the  ten  Great  Plains  States  were  damaged  by  wind 
erosion  during  the  drought-parched  winter  of  1975-76  (October  1975 
through  March  1976)  (Anon.,  1976).  This  contrasts  to  the  previous  less 
severe  winter  in  which  1.7  million  acres  (1.1  million  hectares)  were 
damaged  by  wind.  Hagen  and  Woodruff  (1975)  calculated  that  particulates 
suspended  in  dust  storms  in  the  Great  Plains  during  the  1950s  and  1960s 
ranged  from  37  to  551  million  tons  annually.  Because  of  increased  rain- 
fall, the  average  dropped  from  244  million  tons  in  the  1950s  to  77  million 
tons  in  the  1960s.  Wind  erosion  produces  a  larger  mass  of  particulates 
in  the  air  over  the  United  States  than  all  other  primary  sources  combined. 

While  one  erosion  control  practice  has  been  losing  popularity,  another 
has  been  gaining.  Shelterbelts  (windbreaks),  though  effective  if  managed 
properly,  have  become  less  acceptable  in  the  1960s  and  the  1970s  than  in 
earlier  years.  The  main  reasons  are  that  they  usually  occupy  land  that 
could  be  cropped  and  they  interfere  with  the  operation  of  center-pivot 
irrigation  systems  and  larger  equipment.  On  the  other  hand,  minimum 
tillage  and  no-tillage  practices  have  been  gaining  popularity.  These 
tillage  systems  keep  stubble  on  the  land  to  effectively  protect  it  from 
wind  and  water  erosion. 

Table  V-2  and  figure  V-3  show  that  the  U.S.  irrigation  acreage  has  incresed 
by  over  6h  million  acres  in  the  past  50  years.  The  increase  in  irrigated 
agriculture  has  resulted  in  increased  short-term  production,  but  in  some 
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areas  long-term  detrimental  effects  related  to  desertification  such  as 
soil  waterlogging  and  salinization  as  well  as  aquifer  depletion  have 
also  appeared. 

Water  erosion  is  an  ever-present  hazard  except  on  very   coarse-textured 
soils.  It  is  present  on  the  steep  slopes  of  the  wheat  lands  in  the 
Palouse  region  of  the  Pacific  Northwest  and  on  the  shale-derived  soils 
of  the  Dakotas,  Wyoming,  Colorado,  Utah,  and  New  Mexico.  Virtually 
ewery   medium-to-fine  textured  cultivated  soil  having  a  slope  greater 
than  1  percent  is  subject  to  water  erosion.  When  slopes  become  steep 
good  land  management  can  retard  erosion,  but  can  keep  it  within  tolerable 
limits  only  with  difficulty. 

A  1977  report  to  the  U.S.  Congress  by  the  Comptroller  General  of  the 
United  States  detailed  the  costs  of  soil  erosion  in  a  few  areas  of  the 
U.S.  and  noted  the  limited  progress  that  has  been  made  in  controlling 
the  problem.  Large  sums  of  money  expended  for  technical  assistance  and 
cost-sharing  conservation  programs  authorized  by  Congress .have  not  been 
able  to  achieve  complete  success  in  controlling  this  problem. 

Erosion  of  farmlands  has  serious  adverse  effects  on  crop  yields  and  on 
water  and  air  quality.  Atmospheric  dust  impairs  human  and  animal 
health,  ruins  machinery,  is  responsible  for  highway  accidents,  and--when 
dust  storms  are  bad — causes  mental  depression.  Sediment  in  streams  and 
lakes  interferes  with  fish  reproduction  and  survival,  reduces  reservoir 
capacity,  and  makes  it  necessary  to  dredge  ship  channels.  Realistic 
costs  of  these  kinds  of  damage  are  difficult  to  calculate. 

Irrigated  agriculture  would  seem  to  offer  the  solution  to  problems  of 
arid  land  degradation.  With  irrigation,  crop  yields  improve,  erosion 
control  is  facilitated,  new  crops  may  be  grown,  and  a  more  stable  economy 
is  possible  than  when  there  is  complete  dependence  on  natural  precip- 
itation. However,  a  price  is  exacted  for  that  more  favorable  situation: 
the  hazards  of  salinization  and  waterlogging  are  increased  markedly. 
These  hazards  are  associated  with  all  irrigated  agriculture  and  can  lead 
to  the  destruction  of  agricultural  productivity.  Both  processes  have 
been  described  in  a  previous  section. 

There  are  no  good  data  on  the  amount  of  salinized  and  waterlogged 
irrigated  land  in  the  17  Western  States.  A  figure  of  25  percent  has  long 
been  used  for  the  amount  of  land  affected  seriously  enough  to  reduce  crop 
yields.  The  main  affected  areas  are  in  the  Colorado  and  Rio  Grande 
watersheds,  the  Great  Basin  region,  and  the  Imperial  and  San  Joaquin 
valleys  of  California  (figure  IV-8  ). 

The  problem  of  waterlogged  soils  is  not  a  recent  phenomenon.  Problems 
of  waterlogging  were  encountered  by  prehistoric  Indian  tribes  in  southern 
Arizona  (Skibitzke,  1963).  They  used  brush  dams  to  divert  water  into 
a  canal  system.  The  gradient  of  the  canals  was  less  than  that  of  the 
streams,  and  the  land  became  waterlogged.  After  several  hundred  years, 

-inR- 


V.  1 


their  agricultural  enterprise  failed.  Waterlogging  is  still  a  problem 
in  irrigated  agriculture,  and  it  increases  with  the  area  irrigated. 
For  the  17  Western  States,  the  irrigated  area  has  increased  from  just 
over  2.5  million  acres  (one  million  hectares)  in  1889  to  35-51  million 
acres  (14-19  million  hectares)  in  1977.  The  distribution  of  irrigated 
land  for  these  17  States  is  shown  in  table  IV-23. 

Salinization  of  dryfarmed  land  is  said  to  be  the  principle  soil  problem 
of  the  northern  Great  Plains  (Vander  Pluym,  1978).  The  problem  is 
referred  to  as  saline  seepage.  Saline  seeps  are  increasing  in  size  and 
severity  in  the  United  States  and  across  the  border  in  the  prairie 
provinces  of  Canada.  About  2  million  acres  (0.8  million  hectares)  of 
dryland  are  severely  affected  by  saline  seepage  (U.S.  and  Canada)  and 
another  7  million  acres  (2.7  million  hectares)  are  affected  to  a  lesser 
degree.  A  survey  in  Montana  showed  that  dryland  saline  seeps  increased 
from  53,000  acres  (20,000  hectares)  in  1959  to  156,000  acres  (60,000 
hectares)  in  1975.  The  economic  impact  of  the  salinity  problem  has  not 
been  assessed  but  the  fact  that  more  and  more  land  is  becoming  affected 
has  caused  alarm. 

Subsoil  compaction  on  cultivated  lands  is  common  wherever  tillage  is 
done  to  about  the  same  depth  year  after  year.  Breaking  up  the  hardpan  is 
done  by  varying  tillage  depth.  Avoiding  tillage  when  soils  are  wet  is 
a  preventive  measure. 

Soil  crusting  tends  to  increase  with  cultivation  and  overgrazing  by 
exposing  the  soil  to  the  impact  of  raindrops,  which  effectively  destroys 
the  original  structure  and  may  cause  crusting,  depending  on  the  soil 
structure.  High-frequency  sprinkler  systems  have  a  similar  effect  on 
unprotected  irrigated  soils.  As  with  soil  compaction,  data  on  the 
damage  done  by  soil  crusts  are  not  available.   It  is  obvious,  however, 
that  the  problem  is  a  significant  one  when  a  light  rain  can  stop  seedling 
emergence  over  large  parts  of  a  field  (Dregne,  1980). 


Grazing 

Grazing  does  not  cause  desertification  in  itself.  It  is  only  when  the 
carrying  capacity  of  the  land  i-s  exceeded  by  grazing,  whether  by 
livestock,  wildlife,  or  feral  animals  actually  grazing  on  the  land,  that 
overgrazing  and  desertification  can  occur. 

Table  V-3   and  figure  V-4   indicate  that  use  has      increased 
dramatically  for  cattle  over  the  past  130  years  in  the  11  Western  States, 
Current  livestock  production  figures  are  presented  in  tables  V-4   and 

V-5.   In  addition,  BIA  has  over  7,430,000  total  AUMs,  located  mainly  in 
the  Western  States.  Although  is  true  that  the  range  is  in  the  best 
condition  it  has  been  in  this  century,  it  must  be  noted  that  prior  to 
the  turn  of  the  century,  overgrazing  occurred  so  heavily  that  the  range 
is  still  suffering  from  its  effects,  yery   significantly,  the  overall 
range  condition  is  still  in  the  two  lowest  productivity  classifications, 
as  shown  in  tables  V-6  and  V-7.  Grazing  land  by  ecosystem  is  presented 
in  tables  V-8 
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and  V-5   because  the  type  of  ecosystem  reflects  the  potential  produc- 
tivity. Concentration  of  livestock  around  water  sources  also  affects 
productivity. 

In  the  17  Western  States,  approximately  796  million  acres  (313  million 
hectares)  of  rangeland  are  grazed  either  part  of  the  year  or  full-time. 
Water  erosion,  in  particular,  has  been  a  serious  problem  since  the 
1800s,  and,  as  stated,  its  effects  still  plague  some  of  the  grazing 
lands  of  the  United  States.  An  example  of  this  problem  can  be  found  on 
the  Navajo  Indian  Reservation.  In  the  1850s  the  Navajo  were  given 
"lush  grass  meadows"  in  Arizona  and  New  Mexico  (Van  Voorthuizen,  1978) 
to  settle  upon  with  their  sheep.  At  the  time,  Navajo  herders  migrated 
between  summer  ranges  in  the  mountains  and  winter  grazing  in  the  valleys. 
They  were  nomadic,  and  put  relatively  little  pressure  on  the  land.  As 
the  number  of  people  and  livestock  increased  and  their  freedom  of 
movement  was  restricted,  grazing  pressures  became  greater,  with  the 
result  that  today  the  land  is  seriously  overgrazed,  badly  eroded,  and  of 
low  productivity.  Much  of  the  Southwest  has  suffered  severe  desertif- 
ication in  a  similar  manner.  The  Agricultural  Research  Service  (1974) 
has  estimated  that  in  1972,  71  percent  of  rangelands  in  the  17  Western 
States  were  in  only  fair  to  poor  range  condition  (table  IV-7).  In 
1976  USDA  (RPA,  1979  draft)  found  53%  of  the  grassland  ecosystems,  and 
5S7o   of  the  shrubland  ecosystems  of  the  U.S.  rangelands  in  low  to 
moderately  low  conditions.  Comparisons  of  those  two  years  (and  trends) 
are  difficult  to  discern  since  the  classifications  used  were  different 
from  each  other. 

Many  gains  have  been  made  in  range  management  in  the  past  50  years. 

Use  of  rotational  and  deferred  grazing  practices,  herbicides  to  control    7 

weeds,  and  aircraft_to_SjgeiJ  overgrazed  areas  have  shown  the  way  to  range 

improvement  and  increased  meat  production  in  the  arid  regions.  Ranchers, 

due  to  economic  reasons,  are  tempted  to  run  as  many  livestock  as  the  land  will 

bear,  taking  the  risk  of  overgrazing.  But  during  periods  of  drought, 

the  desertification  hazard  intensifies. 

In  general,  the  animal  grazing  units  must  be  kept  in  approximate  balance 
with  the  land's  carrying  capacity.  During  drought  years,  the  use  must  be 
decreased  so  as  not  to  cause  extensive  deterioration  of  the  land,  but  this 
practice  is  generally  costly  in  terms  of  direct  losses,  and  in  time  and 
investments  needed  for  restocking  the  diminished  herds.  An  alternative 
to  reduced  use  during  drought  periods  is  buying  feed  or  renting  of 
additional  pasturage. 

Rangelands  exposed  by  trampling  and  overgrazing  are   especially  vulnerable 
to  erosion  as  are  areas  with  limited  cover;  fine-textured,  easily  dispersed 
soils;  and  sloping  terrain  (table  V-6a,  figures  V-4a  and  V4b). 
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Range  soils  experience  surface  compaction  and  crusting  by  the  hooves 
of  animals.    Some  compaction  occurs  whenever  livestock  graze  an  area 
but  the  effect  is  much  more  pronounced  v/hen  the  land  is  overgrazed  and 
has  little  vegetative  protection.  The  absence  of  vegetation  cover 
enhances  soil  crusting  and  compaction,  which  in  turn  increases  runoff 
and  reduces  water  intake,  which  further  reduces  herbage  production  and 
progressively  increases  the  runoff  and  compaction  hazard.  As  Rauzi 
and  Fly  (1968)  noted,  water  intake  rate,  range  condition  class,  and 
herbage  production  on  rangelands  tend  to  vary  together  on  a  specific 
type  of  range  site.  Range  soil  compaction  is  also  a  function  of  the 
vegetative  cover,  type  of  soil,  and  numbers  of  livestock,  and  in  general 
improving  the  vegetative  cover  helps  to  control  the  problem. 

Soil  compaction,  by  increasing  runoff,  increases  in  turn  both  erosion 
and  downstream  flooding.  Documentation  of  the  amount  of  damage  resulting 
from  compaction  alone  is  not  available.  The  extensiveness  of  the  problem 
in  arid  regions  indicates  that  the  environmental  impact  should  be  large 
in  the  aggregate  even  though  relatively  small  on  any  one  field. 

Wildlife  may  impact  an  arid  site  adversely  when  some  segment  of  the  animal 
population  increases  beyond  the  carrying  capacity  of  the  system,  e.g., 
when  a  natural  predator  disappears  from  the  area  or  when  we  feed  elk 
artificially.  Interspecific 

competition--the  potential  conflict  between  two  species  that  require  the 
same  resource--will  be  discussed  in  another  part  of  this  section.  This 
type  of  competition,  and  adverse  impact  on  ranges,  may  be  produced  by 
feral  animals  such  as  wild  horses  and  burros. 

With  the  passage  of  the  1971  Wild  Free-Roaming  Horse  and  Burro  Act 
(Public  Law  92-195)  the  Secretary  of  the  Interior,  through  the  Bureau 
of  Land  Management,  was  charged  with  the  protection,  management,  and 
control  of  all  unbranded  and  unclaimed  horses  and  burros  inhabiting 
public  lands.  Congress  specifically  states  these  animals  are  to  be 
considered  as  an  integral  part  of  the  natural  system  of  the  public  lands 
and  would  be  managed  in  such  a  manner  as  to  achieve  and  maintain  a 
thriving  natural  ecological  balance. 

Wild  horses  and  burros  are  now  far  from  being  vanishing  animals.  Since 
the  passage  of  the  Act,  free-roaming  horses  and  burros  have  been 
increasing  and  present  estimates  number  them  in  excess  of  65,000.  The 
population  density  of  wild  horses  and  burros,  like  that  of  any  other 
animal  ,  must  be  in  tune  with  and  not  exceed  the  carrying  capacity  of 
the  available  habitat.  Other  than  this  general  observation  and  the 
limited  data  that  Hall  (1972)  and  Feist  (1971)  collected  on  the  Pryor 
Mountain  horses,  there  is  no  scientific  information  available  on 
optimum  population  levels,  the  results  of  overcrowding,  competition,  or 
the  effects  of  a  degrading  habitat. 
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Population  Distribution,  1978 
Horses         Burros 
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Both  the  U.S.  Forest  Service  and  the  Bureau  of  Land  Management  are 
developing  plans  for  protection,  management  and  control  of  wild 
horses  and  burros.  Both  agencies  have  land  use  planning  systems  that 
are  evaluating  the  vegetation  and  watershed  conditions,  wildlife  needs, 
livestock  use,  recreational  use,  and  other  legitimate  demands. 
Management  plans  will  establish  the  maximum  number  of  animals  for 
specific  herd  areas,  and  where  adequate  space,  water  and  forage  will 
be  allocated. 

Desertification       impacts  wildlife  as  well  as  it  does  livestock. 
The  deterioration  of  soil  and  water  quality,  the  decreased  availability 
of  food,  water,  and  cover,  and  in  general,  an  impaired  habitat,  do  not 
provide  the  necessary  conditions  to  maintain  a  healthy,  balanced,  and/ 
or  adequate  population  of  animals. 

The  reduction  in  production  caused  by  degraded  range  represents  a  loss 
of  30  to  40  million  AUMs  of  grazing,  or  a  loss  of  6  to  8  hundred  million 
pounds  of  red  meat  and  a  significant  amount  of  wool,  mohair,  leather, 
tallow,  insulin,  and  many  other  byproducts  from  animal  carcasses  (RCA, 
1980). 

A  wildlife  habitat  classification  of  BLM  rangelands  in  1975  (table  V-9) 
indicates  that  about  60%  of  wildlife  habitats  are  static,  about  30% 
are  declining,  and  only  about  10%  are  improving.  Much  of  the  blame 
for  this  deterioration  and  failure  to  improve  can  be  placed  on  the 
many  processes  of  desertification. 
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Mining 

Desertification  is  not  limited  to  agriculture.  Mining,  particularly 
surface  mining,  has  already  impacted  thousands  of  acres  of  land  in 
the  West.  The  visual  impact  of  unsightly  piles  of  mining  waste  is 
far  out  of  proportion  to  the  land  area  involved.  Until  the  postwar 
years,  about  the  only  large  open  pit  mines  were  copper  mines.  The 
other  mines  were  of  the  shaft  type,  where  waste  heaps  were  relatively 
small  and  confined  to  the  area  around  the  mine  opening.  Since  World 
War  II,  huge  uranium  and  coal  surface  mines  have  been  developed,  most 
of  them  in  the  Rocky  Mountain  states  from  Montana  to  New  Mexico. 
When  oil  shale  mining  begins  on  a  commercial  scale,  land  will  be 
further  affected,  but  for  the  immediate  future  the  principal  environ- 
mental challenge  will  be  surface  coal  mines  in  the  dry  climate. 

Open  pit  mining  desertifies  by  (1)  stripping  the  land  of  its  protective 
cover  against  erosion  or  (2)  accumulating  waste  rock  and  mine  tailings 
on  the  land  surface  (Day  et  al . ,  1977).  The  solution  to  these  problems, 
though  similar,  is  not  exactly  the  same.  The  problem  of  revegetation 
of  disturbed  lands  is  exacerbated  by  the  lack  of  adequate  moisture  for 
germination  and  maintaining  the  erosion-abating  ground  cover.  The 
reclamation  of  tailings  is  a  very  difficult  and  costly  task.  At  best, 
tailings  are  not  esthetically  pleasing.  At  worst,  they  erode  or 
pollute  badly  or  are  biologically  sterile.  The  best  treatment  is  to 
stabilize  them  with  vegetation  as  rapidly  as  possible.  Rehabilitation 
of  mined  land  has  been  estimated  to  cost  $5,000  or  more  per  acre 
(LaFevers,  1978). 

Surface  coal  mining  in  the  northern  Great  Plains  and  Rocky  Mountain 
states  will  take  more  land  in  the  near  future,  estimated  to  be  at 
least  92,000  acres  (37,000  hectares)  by  the  year  1990  and  200,000 
acres  (78,000  hectares)  by  2000  (NAS,  1974).   If  coal  gasification  is 
done  on  a  large  scale,  surface  mining  will  have  to  expand  even  more 
rapidly. 

The  Public  Land  Law  Review  Commission  found  that  the  public  land  areas 
of  the  West  generally  hold  greater  promise  for  future  mineral  fuel 
and  non-fuel  discoveries  than  any  other  region  of  the  country.  It  is 
in  the  public  interest  to  acknowledge  and  recognize  the  importance  of 
mineral  exploration  and  development  in  the  public  land  legislation. 

The  existing  laws  treat  mineral  exploration,  development,  and  production 
as  distinct  activities  outside  the  mainstream  of  the  land  use  planning 
and  management  process,  although  minerals  and  nonmineral  resources  are 
both  part  of  the  land,  and  decisions,  policies  and  actions  affecting 
each  inevitably  affect  the  other. 

Historically,  though,  mineral  uses  have  been  preferred  over  nonmineral 
uses  of  federal  land  that  is  open  to  mineral  activity.  Mineral  rights, 
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once  acquired,  override  all  nonmineral  resource  values.  Neither  the 
mining  nor  mineral  leasing  laws  contain  incentives  or  other  mechanisms 
adequate  to  ensure  proper  balancing  of  mineral  and  nonmineral  resource 
values.  Many  provisions,  especially  in  the  Mining  Law,  result  in 
adverse  impacts  on  nonmineral  resources  without  contributing  to 
efficient  or  diligent  mineral  activity  (OTA,  1979).  However,  stipulations 
can  be  placed  in  the  leases. 

State  regulations  on  restoring  mined  land  to  a  condition  of  equal  or 
greater  potential  productivity  than  it  was  before  mining  occurred  has 
stopped  the  blighting  of  landscapes  that  accompanied  mining  in  earlier 
days.  Old  abandoned  mine  sites,  however,  have  been  left  to  nature, 
and  nature  has  difficulty   coping  with  mine  wastes  in  the  arid  regions. 
Their  restoration  will  depend  upon  state  action  in  cases  where  the 
land  is  now  of  little  value.  Where  states  do  not  have  reclamation 
requirements,  mine  operators  decide  whether  their  waste  areas  will  be 
rehabil itated. 

As  it  is  with  other  land  uses,  improving  disturbed  surfacing  mining 
areas  becomes  more  difficult  as  the  climate  becomes  drier.  Revegetating 
an  area  in  western  North  Dakota  is  easier  than  doing  the  same  thing  in 
northwestern  New  Mexico.  Research  has  helped  find  solutions  in  some 
cases,  but  serious  problems  confront  efforts  to  reclaim  land  in  the 
arid  southwest.  Irrigation  and  fertilizer  can  assist  greatly  in 
establishing  a  plant  cover.  However,  the  viability  of  the  vegetation 
when  irrigation  is  stopped  cannot  be  predicted  with  assurance.  It  is 
no  small  task  to  improve  overgrazed  rangeland  in  arid  climatic  zones; 
revegetating  mine  spoils  in  a  short  span  of  years  may  be  nearly 
impossible  without  irrigation. 


Energy  Production 

The  production  of  energy,  through  fuel  processing  and  power  generation, 
may  have  a  direct  impact  on  the  agricultural  and  ecological  productivity 
of  the  Western  and  Great  Plains  drylands.  Assuming  that  the  mix  of 
domestic  energy  in  1990  includes  1.24  million  barrels  per  day  of  synthetic 
fuels  derived  from  coal,  about  25  plants  would  be  needed.  In  the  West, 
about  500  square  miles  of  land  would  be  strip  mined  over  the  30-year 
lifetime  of  the  plants.  If  the  energy  mix  also  included  400,000  barrels 
per  day  of  synfuels  from  shale,  about  100  to  200  additional  square 
miles  would  be  required  (CEQ,  1979). 

These  large  tracts  of  land  do  not  include  the  land  that  is  indirectly 
disturbed  by  the  associated  exploration,  construction  of  roads,  water 
facilities,  settlements,  etc.  These  uses  are  estimated  to  be  three 
times  the  direct  area!  disturbance.  A  total  of  approximately  2,500 
square  miles  of  land  disturbed  can  be  expected.  This  is  an  area  larger 
than  the  state  of  Delaware. 
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Constraints  on  energy  development  will   primarily  involve  competition 
by  agriculture  and  conflicts  with  environmental   goals,  plus  the 
differing  economic  goals  of  the  region's  exporting  and  importing  energy. 

Since  there  is  a  direct  relationship  between  land  productivity  and 
water,  some  of  the  factors  that  affect  energy,  the  renewable  and  the 
nonrenewable  resources  of  the  drylands  will   now  be  discussed.    ^When 
compared  to  the  5.97  million  acre-feet  per  year  (7.4  billion  m  /yr) 
unallocated  and  available  in  the  Missouri   River  (measured  at  Sioux 
City,  Iowa)  In  low  water  years,  one  can  conclude  that  there  is  more 
than  ample  water  to  meet  all    future  needs  in  the  basin  in  the  year 
2000  (ERDA,   1976).     However,  the  total  water  consumption  of  the 
synfuel   industry  outlined  above  would  be  enough  to  irrigate  roughly 
100,000  acres  of  agricultural   land  per  year.     This  much  water  may  be 
physically  available  in  the  West,  but  it  may  already  be  conmitted  to 
other  purposes.     New  towns  to  house  plant  workers  will   put  further 
pressure  on  water  supplies   (CEQ,  1979). 

And  while  there  may  be  ample  water  on  a  multi state  basis,  the  local 
occurrence  of  water  does  not  match  the  distribution  of  coal  and 
lignite  in  these  states.     As  a  result,  on  a  local   and  regional   level, 
there  may  be  severe  water  shortages  and  shortfalls  unless  new  storage 
facilities  and  aqueducts  are  built  to  redistribute  the  water.     Such 
redistribution  could  often  involve  existing  federal  water  storage 
reservoirs  constructed  by  the  Water  and  Power  Resources  Service   (WPRS). 
However,  nonagricultural   use  of  water  in  these  reservoirs  is  being 
challenged  because  the  WPRS'   enabling  legislation  specifies  that  its 
work  should  benefit  agriculture. 

Condenser  cooling--the  major  use  of  water  in  coal 
production--and  steam  electric  plants  of  a  given  size  and  efficiency 
using  wet  cooling  towers,  have  similar  water  requirements  whether 
fueled  by  coal,  oil,  or  gas:  about  10  million  gallons  per  day   (mgd) 
per  1000  MW.     Flue-gas  desulfurization  units  add  about  1  mgd  to  this 
amount  for  coal-fired  plants.     A  nuclear  plant  of  this  size  requires 
about  17  mgd. 

An  oil   shale  industry  also  requires  water  at  several   points:  to  mine  it, 
to  retort  it,  to  revegetate  the  spent  shale,  and  to  quench  the  thirst  of 
the  humans  hired  to  work  it.     Rough  estimates  see  the  need  for  two  or 
three  barrels  of  water  for  every  barrel   of  oil   extracted.     There  is 
uncertainty  about  just  how  much  water 'will   be  needed  to  keep  the  spoils 
from  blowing  away  and  to  persuade  plants  to  grow  on  them.     The  National 
Petroleum  Council's  Oil   Shale  Task  Group  pegged  water  needs  at  16,000 
acre-feet  per  year  for  each  100,000  barrels  per  day  of  capacity;  this 
is  just  for  mining,  retorting  and  upgrading  through  refining  (Bowden, 
1975). 

The  manufacture  of  natural   gas  is  a  hydrogenation  process  in  which 
water  is  the  source  of  the  hydrogen.     There  is  a  need  for  a  little  over 
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2   million  gallons  per  day  for  a  plant  manufacturing  250  million 
cubic  feet  per  day  of  synthetic  natural  gas  (Probstein,  1979). 

A  1974  National  Academy  of  Sciences  study  concluded  that  water  was 
available  for  rehabilitating  most  of  the  coal  areas  of  the  West.  The 
study  found  that  the  major  water  requirements  for  rehabilitating 
surface-mined  areas  were:  (1)  supplemental  irrigation  of  vegetative 
plantings  on  reshaped  spoil  piles;  (2)  on-site  consumptive  use  of 
water  on  stockpiles  of  topsoil  and  mine  spoil  banks  where  interruption 
of  surface  flow  causes  internal  drainage;  (3)  permanent  irrigation  on 
rehabilitated  mine  lands;  and  (4)  alternative  water  supplies  to 
replace  those  diminished  in  quantity  or  quality  by  mining  activities. 
The  amount  of  water  needed  to  keep  down  dust  during  the  mining  process 
and  minimize  wind  erosion  on  the  stockpiled  soils  is  not  great.  Nor 
is  the  amount  of  water  needed  for  establishing  native  plants. 
Although  the  necessary  quantity  will  vary  with  landscape,  exposure, 
soil  properties,  and  climatic  factors,  there  are  few  areas  where  the 
small  amount  of  water  needed  during  the  establishment  phase  will  not 
be  available.  Water  availability,  however,  should  be  determined 
before  mining  begins  (Box,  AAAS,  1975).  Although  some  success  has 
been  demonstrated,  there  has  not  been  enough  time  to  insure  that  the 
new  vegetation  can  survive  without  continued  human  care. 

The  major  problem  associated  with  rehabilitation  of  oil  shale  areas 
is  salt  management.  In  any  above-ground  retort  process,  large  amounts 
of  spent  shale  will  be  deposited  on  the  earth's  surface.  This 
retorted  shale  is  high  in  salts,  usually  too  high  for  most  plants  to 
grow  well.  Schemes  for  rehabilitating  this  salty  material  require, 
first,  that  the  salt  be  contained  and  not  allowed  to  escape  into  the 
watershed  or  drainageway  and,  second,  that  the  salts  be  separated 
from  the  root  zone  of  the  vegetation  planted  for  rehabilitation. 

The  most  common  way  of  removing  salt  is  leaching  it  from  the  upper 
layers  of  the  spent  shale.  This  requires  constant  heavy  applications 
of  water  to  wash  the  salts  deeper  into  the  pile  (Box,  AAAS,  1975). 
Revegetation  of  spent  shale  has  not  been  successfully  demonstrated  on 
a  large  scale  and  over  a  long  enough  period  to  be  certain  that  it  can 
survive  after  human  attention  wanes.  Disposal  and  reclamation  of 
spent  oil  shale  is  a  critical  environmental  factor  and  unless  carefully 
managed  could  contribute  to  additional  barren  and  unproductive  land. 

Restoration  of  mined  lands  is  an  issue  that  has  stirred  the  national 
consciousness  and  has  resulted  in  the  passage  of  federal  and  state 
strip-mine  reclamation  laws  administered  by  OSM.  Because  of  this  and 
the  likely  focus  of  future  strip  mining  activities  in  the  arid  West, 
reclamation  of  mined  lands  is  a  critical  factor  in  the  development  of 
any  synfuel  production  (ERDA,  1976). 
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Urbanization 

Urban  development  in  the  arid  zone  is  not  a  recent  phenomenon.  However, 
interest  in  this  land  use  is  high  because  urban  growth  is  especially 
rapid  in  the  Western  U.S.  A  net  migration  between  the  rural  and  urban 
areas  is  occurring  in  the  Western  U.S.,  as  well  as  from  the  Snow  Belt- 
Eastern  U.S.  to  the  Sun  Belt-Western  U.S.  The  result  of  these 
movements  is  an  increase  in  the  urban  and  suburban  population  of  the 
17  Western  States. 

Land  use  regulation  in  the  desert  Southwest  seems  to  be  minimal  in 
comparison  to  other  U.S.  regions.  Attempts  to  optimize  urban  devel- 
opment through  governmental  regulation  may  be  politically  difficult 
since  many  residents  of  this  area  have  moved  to  it  in  part  because 
they  perceive  it  to  impose  fewer  restrictions  on  their  activities 
(Innis.  1978). 

Another  problem  is  that  newcomers  from  more  mesic  regions  are  unaware 
of  the  constraints  under  which  arid  and  semiarid  systems  function. 
Desert  cities  have  special  problems  such  as  their  extreme  radiation 
environment,  water  needs,  and  tendency  to  be  under  pollution-prone 
descending  air  masses,  the  perception  of  these  systems'  limited 
carrying  capacity  is  masked  in  many  instances  by  the  pleasant  climate 
and  the  availability  and  use  of  technologies  to  overcome  certain  limit- 
ations, e.g.,  through  water  transfers  and  groundwater  pumping.  The 
limits  to  which  these  manipulations  can  be  safely  and  economically 
applied  are  usually  not  well  realized. 

Urban  sprawl  creates  specific  problems.  Subdivision  devel- 

opment accelerates  rates  of  erosion  and  creates  problems  of  downstream 
deposition  in  these  rapidly  developing  urban  areas.  Disturbed  soils 
are  susceptible  to  erosion  and  mass  movement  due  to  bare  ground 
exposure.  Highway  construction  also  causes  problems  due  to  lack  of 
early  stabilization  of  cuts  and  fills  in  many  areas.  Urban  and  built-up 
areas  are  susceptible  to  accelerated  erosion  for  a  3-5  year  period. 

The  remarkable  change  of  the  last  decade,  with  the  highest  rate  of  U.S. 
population  growth  now  occurring  in  rural  and  semirural  areas  for  the 
first  time  in  our  history,  may  create  development  pressure  on  farmland 
in  new  areas.  Especially  affected  by  this  trend  is  the  Southwestern 
U.S.   If  we  consider  that  U.S.  exports  account  for  52%  of  the  wheat 
and  feed  grains  traded  in  world  market^,  much  of  which  is  produced  in 
the  Great  Plains  and  Western  States,  the  loss  of  prime  land  to  other 
uses  is  highly  disturbing.  Not  only  is  the  agricultural  land  being 
converted  impacted,  but  also  the  bordering  farmland,  which  may  be  more 
easily  affected  by  erosion,  runoffs,  and  salinization  than  it  was  before 
conversion.  This  particular  change  is  of  special  concern  since  in 
general  it  is  the  fertile  flatland  with  water  available  that  is  taken 
by  urban  sprawl.  The  SCS  estimates  that  about  80%  of  the  available 
cropland  in  the  U.S.  is  currently  being  cultivated.  The  other  20% 
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can  be  converted  to  cultivation,  but  not  all  is  of  the  same  quality. 
Losses  of  productive  acreage  can  have  a  severe  impact  on  current  and 
future  agricultural  activities.  It  has  been  estimated  that  for  each 
acre  removed  by  urbanization,  another  acre  is  surrounded  and  isolated 
as  well,  thus  effectively  removing  twice  the  developed  area.  The  SCS 
estimates  that  each  year  approximately  10  million  acres  disappear 
from  the  rural  land  reserve  (Little,  1979).  This  figure  does  not 
include  the  acreage  under  impending  urban  expansion. 

Figure  V-6   shows  by  region  land  with  a  high,  medium,  low,  and  zero 
potential  for  conversion  to  cropland  based  on  the  1974  price-cost 
data.  Note  the  relative  scarcity  of  high  and  medium  reserves  in  the 
regions  which  are  losing  prime  farmland  most  rapidly — the  Northeast 
and  Pacific  especially.  Here  reserves  are  equal  to  or  less  than  the 
amount  of  prime  land  which,  at  present  rates  of  loss,  will  be  converted 
to  other  uses  within  10  years  (CEQ,  1978). 

The  growth  of  localized  population  and  other  activities  in  the  Western 
States  has  been  accompanied  by  a  deterioration  in  local  and  regional 
air  quality,  which  in  turn  impacts  the  ecological  balance  and  the  crop 
production  of  the  affected  area.  But  the  major  problem  is  the  demands 
imposed  on  water  supplies  that  have  often  forced  agricultural  lands 
to  be  retired  either  to  housing  or  for  the  acquisition  of  water  and 
groundwater  rights  (Johnson,  1977).  Reductions  in  the  groundwater 
levels  and  quality  have  resulted  in  increased  costs  and  energy 
consumption  for  pumping  and  treating  in  many  places. 

Arizona  and  the  Tucson  area  particularly  are  excellent  examples  of 
changes  in  settlement  patterns.  In  the  last  ten  years,  Arizona's 
population  has  increased  by  630,000  people  and  by  1974,  75%  of  the 
total  population  lived  in  Phoenix  and  Tucson  and  their  suburbs.  See 
figures  V- 7  and  V- 8  .  This  urbanization  is  reflected  in  the  patterns 
of  income.  In  1927,  14%  of  the  total  income  was  from  agriculture  and 
14%  from  mining.  By  1960,  however,  only  7%  was  from  agriculture  and 
only  4%  from  mining.  The  recent  influx  of  people  to  Arizona  is  based 
on  the  increase  of  light  industry,  defense-related  projects,  recreation, 
and  retirement  communities  there.  The  stresses  of  development,  in 
combination  with  the  normally  occurring  periods  of  drought,  has  resulted 
in  localized  soil  erosion,  permanently  dried-up  streams,  deterioration 
of  perennial  grasses,  the  invasion  of  undesirable  plants  such  as 
mesquite,  and  the  decrease  in  water  supply.  In  summary,  this  rapid 
growth,  if  not  carefully  managed,  may  T) rove  to  be  a  drain  on  the 
resources  of  a  fragile  environment  (Langford-Smith,  1978). 
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Recreation 

This  section  draws  heavily  on  USDA  Renewable  Resources  Planning  Act 
and  Soil  and  Water  Resources  Conservation  Act  documents  now  in  draft 
form  (prepared  during  1979-1980)  and  on  the  1979  CEQ-commissioned 
report,  "Off-Road  Vehicles  on  Public  Lands,"  by  David  Sheridan. 

Recreation  is  a  factor  affecting  desertification,  since  some  types  of 
recreation  may  lead  to  it  and,  in  turn,  desertification  may  impact  the 
recreation  industry,  which  is  becoming  wery   important  in  the  economies 
of  arid  and  semiarid  areas. 

A  wide  spectrum  of  outdoor  recreation  opportunities  in  a  region  is 
available  only  if  all  the  lands  open  for  outdoor  recreation  provide 
both  a  diversity  of  types  and  levels  of  development  and  space  to 
separate  conflicting  uses.  There  are,  however,  limits  to  the  spectrum 
of  opportunities  that  can  be  supplied. 

The  1977  National  Outdoor  Recreation  Survey  shows  significant 
differences  between  participation  in  recreation  in  various  regions  of 
the  country.  More  westerners  participated  in  camping,  backpacking, 
and  skiing  than  did  residents  of  other  regions.  Table  V-10  reveals  the 
large  extent  of  participation  in  outdoor  recreation  activities  nation- 
wide:    these  figures  are  expected  to  increase  over  the  coming  years, 
as  shown  in  table  V-ll .  In  1977,  over  $11  billion  was  received  for 
amusement  and  recreational  services,  with  construction  of  buildings 
for  social  and  recreational  purposes  that  year  amounting  to  $3.5 
billion  nationwide.  In  general  a  very   large  share  of  these  activities 
take  place  in  the  Mountain,  Southwest,  and  Pacific  regions.  Many  of 
these  recreational  activities  take  place  in  publicly  owned  recreational 
services  including  state  and  local  parks  and  the  National  Park  Service 
sites.  The  Bureau  of  Land  Management  alone  administers  326  recreational 
sites  covering  12,196  acres  and  having  an  estimated  58,308,000  visitor- 
days  use  in  1976,  mainly  in  the  Western  States. 

Although  recreation  has  not  been  a  major  use  of  rangelands  in  the 
past,  such  use  is  increasing  rapidly.  Construction  of  new  recreation 
areas,  especially  for  off-road  vehicle  areas,  can  severely  reduce  an 
area's  grazing  potential  because  of  vegetation  removal,  soil  erosion, 
effects  on  livestock  and  wildlife,  damaged  range  improvements,  and  competition 
for  water  supplies.  Often,  prime  land  for  recreational  activities 
is  prime  rangeland;     and  dispersed  recreation,  where  controls  on 
recreation  are  least,  creates  a  significant  problem  in  rangeland  admin- 
istration. 

In  order  to  make  better  use  of  the  recreational  opportunities  available 
throughout  the  arid/semiarid  areas  of  the  country,  we  need  to  develop 
better  measurement  techniques  for  dispersed  recreation  activities;  to 
identify  types  of  use,  expectations,  and  behavioral  patterns  of  dry 
area  recreationists ;  to  identify  and  evaluate  the  relationship  between 
environmental/ecological  changes  and  recreation  activities/use 
patterns;  the  relationship  between  values  and  user  conflicts;  and  the 
relationship  among  users  from  a  human  ecology  perspective  (Innis,  1978). 
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In  the  last  few  years  off-road  vehicles   (ORVs)   have  gained  greatly  in 
popularity,  specially  in  the  arid/semiarid  areas  of  the  West. 

Motorized  recreationists  represent  about  25%  of  the  U.S.   population. 
All   together  there  are  at  least  ten  million  ORVs  in  the  United  States 
today,  including: 

0     about  8.3  million  motorcycles  of  which  5.4  million  were  used 
off- road  at  some  time; 

0     about  250,000  dune  buggies;   and 

0     about  3  million  four-wheel   drive  vehicles,  of  which  about  half 
are  regularly  used  for  off-road  driving. 

One  drawback  is  that  ORVs  have  a  major  impact  on  the  relatively  thin 
layer  of  soil   in  arid  and  semiarid  areas,  and  in  turn  on  local   flora 
and  fauna.     There  seem  to  be  two  basic  soil  responses  to  ORV  use.     First, 
the  sandy  and  gravelly  soils  susceptible  to  direct  quarrying  by 
ORVs,  when  stripped  of  vegetation  become  vulnerable  to  rapid  erosion 
processes--usually  by  rill   or  gully  erosion.     Near  Santa  Cruz,  Cali- 
fornia,  for  example,  ORV  trails  used  for  about  6  years  are  now  gullies 
8  feet  deep.     Second,  the  more  clay-rich  soils  that  are  less  sensitive  to 
direct  mechanical   displacement  by  ORVs,  exhibit  rates  of  erosion  of 
stripped  clay-rich  soil   much  higher  under  ORV  user  than  under  natural 
conditions.     Furthermore,  ORV  pounding  of  clay-rich  soil   causes 
crusting  and  compaction,  thereby  reducing  the  infiltration  of  water. 
This  in  turn  leads  to  greater  rainwater  runoff,  which  causes  gullying 
lower  in  the  drainage.     Also,  there  is  much  less  moisture  available 
to  nourish  plants  and  far  less  water  gets  through  to  replenish  the 
groundwater  supply.     Once  topsoil   has  been  stripped  away,  the  regen- 
eration of  it  may  take  many  years,  depending  on  conditions.     Even 
under  optimum  conditions,  it  may  take  nature  500  years  to  generate  an 
inch  of  topsoil,  and  some  soils  are  so  old  that  their  character  was 
formed  by  climatic  conditions  which  no  longer  exist,  making  them 
practically  irreplaceable. 

In  flat,  dry  areas  ORVs  expose  the  soil   to  another  powerful   erosional 
force--the  wind.     In  addition,  the  subsurface  soil   experiences  greater 
temperature  extremes--becoming  hotter  during  the  day  and  cooler  at 
night  than  it  would  under  normal   conditions.     ORVs  may  also  destabilize 
sand  dunes,  making  them  more  vulnerable  to  wind  erosion.     Destabilized 
inland  dunes  spill   into  adjacent  nondune  areas,  and  windblown  sand 
from  them  covers  land  well   beyond  the  area  of  direct  ORV  impact. 

In  damaging  vegetation  by  direct  contact,  ORVs  also  affect  animals, 
whose  food  and  shelter  is  heavily  diminished.     Most  naturalists  think 
that  when  wild  animals  are  displaced  from  their  natural   areas  because 
of  destruction  of  vegetation,  or  noise,  the  survival   of  the  displaced 
Individuals  is  precarious.     Or,  as  they  succeed  in  reestablishing  them- 
selves in  other  suitable  wild  areas,  they  may  displace  resident  individ- 
uals whose  survival   chances  are  then  greatly  reduced. 
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Multiple-Use  Competition  for  Resource  Base 

Competition  for  natural  resources  between  uses  and/or  users  may  result 
when  more  than  one  maximum  use,  or  the  overuse  of  a  limited  resource 
base,  takes  place  in  an  area.  Some  aspects  of  multiple-use  competition 
that  will  be  discussed  are  the  physical  availability  of  resources,  and 
the  conditions  that  may  influence  the  onset  and  outcome  of  competition. 
Throughout  this  discussion  it  will  be  recognized  that  two  extremes  in 
the  usage  of  the  natural  resources  of  an  area  are,  on  one  hand,  the 
ban  on  use,  resulting  in  total  preservation,  and  on  the  other,  the 
total  use  of  resources,  resulting  in  depletion  and  probably  irreversible 
damage  to  the  area.  In  between  these  extremes  a  whole  gradient  of 
development/use/conservation  mixtures  can  be  found.  Depending  on  the 
value  of  the  resource,  the  benefits  accrued,  from  its  use,  the  extent 
of  the  damage  to  the  area,  if  any,  the  cost  of  rehabilitating  the  site, 
among  other  economic  considerations,  recovery  may  be  left  to  the  natural 
processes  or  could  be  speeded  up  through  artificial  repair.  More 
importantly,  these  considerations  may  influence  the  selection  of  types 
and  combinations  of  uses,  number  of  users,  and  conservation  measures. 

Among  the  special  characteristics  of  arid/semiarid  lands,  the  limited 
availability  of  water,  natural  habitat, 

and  forage,  and  some  of  the  interaction  between  some  main  land  uses, 
will  be  presented  in  the  following  subsection  as  examples  of  competition 
for  the  resource  base. 

Availability  of  water  and  competition:  Water  in  sufficient  quantity  and 
of  sufficient  quality  is  the  basic  element  of  life.  The  competition  for 
water  in  the  arid  and  semiarid  Western  States  has  always  been  strong 
but  is  now  increasing  rapidly  as  human  and  animal  populations,  and 
industrial,  agricultural,  and  recreational  uses  grow.  As  the  water 
supplies  of  the  Western  U.S.  are  strained  due  to  increased  consumption 
and  pollution,  it  is     probable  that  less  will  be  allocated  to 
agriculture,  and  more  will  go  for  domestic  and  industrial  use.  See  figures 
V-9  and  V-10.  New  irrigation  systems  may  not  significantly  contribute  to 
arid  land  settlement  for  long,  and  the  changes  in  land  use  that  may 
follow  could  negatively  affect  the  quality  of  the  land. 

In  the  U.S.,  10  percent  of  the  developed  cropland  (or  42  million  acres) 
are  irrigated  (see  figures  V-3  and  V-11  through  V-13).  During  1975,  50  bgd 
(billion  gallons  per  day)  of  ground  water  were  used  for  this  purpose, 
representing  roughly  40%  of  the  total 'fresh  water  used  for  irrigation 
in  the  country.  Taking  into  account  that  agricultural  exports  are  in 
the  range  of  $20  to  $25  billion  per  year,  with  particular  interest  in 
specialty  crops,  it  is  evident  that  any  detrimental  change  in  the  supply 
of  the  water  and  the  conditions  of  the  soil  needed  to  maintain  such 
activities  could  have  serious  consequences.  On  the  other  hand,  in  the 
U.S.  today  7.5  bgd  of  water,  or  2.5%  of  all  withdrawals,  are  used  by 
minerals  industries  (metals,  nonmetals,  and  fuels),  and  water  with- 
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drawals  for  fuel  mining  and  processing  constitute  about  36%  of  the 
total  withdrawn  by  the  mineral  industry,  but  the  consumptive  use  is 
62%  of  the  total  mineral  mining  water  consumption.  The  coal  and  oil 
shale  mining  and  processing  are  and  will  be  mainly  located  in  arid- 
semiarid  regions,  a  very  important  one  being  the  Upper  Colorado  region, 
creating  heavy  competition  between  this  and  other  interests  for  the 
allocation  of  water  resources.  In  1975,  ground  water  constituted  over 
40%  of  the  total  fresh  water  withdrawals  (approximately  82  bgd)  and 
water  mining  is  increasing  at  an  accelerated  rate,  largely  due  to 
agricultural  and  settlement  uses.  During  that  year  overdrafts  in  the 
Texas  region  alone  amounted  to  78  percent  of  the  withdrawals,  50 
percent  in  the  Lower  Colorado  region  and  30  percent  in  the  Rio  Grande 
region.  In  central  Arizona  ground  water  levels  are  declining  from 
7  to  10  feet  per  year.  The  future  facing  these  regions  is  indeed 
uncertain,  given  the  high  probability  of  rapid  ground  water  depletion, 
even  if  the  rate  of  water  mining  is  maintained  at  the  present  levels. 
This  can  certainly  affect  the  quality  of  the  land  and  future  land 
uses. 

Aside  from  the  expected  population  growth  in  the  U.S.,  an  internal 
migration  from  the  snow  belt  to  the  sun  belt  is  occurring  also  at  an 
increasing  rate,  with  a  popular  preference  for  the  dry,  warm  climate 
of  Central  and  Southwestern  States.  One  impact  of  this  trend  is  that 
a  projection  for  the  year  2000  is  of  an  increment  in  water  withdrawals 
and  in  the  water-consumptive  use  of  up  to  50%  of  the  1975  values  for 
the  Colorado,  California,  Rio  Grande,  Great  Basin  and  Texas  Gulf 
regions.  Today  the  total  freshwater  withdrawals  in  these  regions  are 
between  80  and  90  bgd,  representing  26%  of  the  total  withdrawals  in 
the  nation,  60%  of  which  comes  from  surface  water  (table  V-12  and 
figure  V-14).         The  projected  more-intensive  use  and  reuse 
of  the  available  surface  and  ground  water  supplies  present  quality 
problems  that  will  become  critical,  requiring  growing  capital  outlays 
and  improved  technology  to  solve.  It  is  estimated  that  by  the  year 
2000,  there  will  be  a  deficiency  in  water  supply  for  California's 
urban  and  agricultural  demands  totaling  over  two  million  acre-feet  per 
year  (Gertsch,  1977).  These  figures  show  in  some  measure  the  intense 
interaction  between  the  water  resources  of  arid-semiarid  regions, 
other  natural  resources,  human  activity,  the  far-reaching  consequences 
of  changes  in  the  existing  water  supply-demand  system,  and  the 
probability  of  desertification.  Instream  flow  uses  can  also  compete 
between  themselves  and  inadequate  instream-flow  may  adversely  affect 
recreational  activities,  hydropower  generation,  navigation,  waste 
assimilation,  and  aquatic  life.  Such  low  flows  can  be  caused  by 
excessive  depletion,  diversion,  and  operation  of  reservoir  storage 
for  offstream  project  purposes  such  as  irrigation,  thermal  power 
generation,  export  to  adjacent  basins,  municipal  and  industrial  water 
supply,  hydropower  peaking  and  flood  management. 

These  uses  may  affect  the  hydrological  cycle  in  the  area  and  in  turn 
Its  carrying  capacity.  Similarly,  the  diverse  uses  that  riparian 
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systems  can  be  put  to  may  have  completely  different  consequences  and 
while  riparian  ecosystems  throughout  the  Western  United  States  are 
limited  in  size  and  scattered,  their  ecological  importance  merits 
special  attention. 

A  riparian  ecosystem  consists  of  the  stream  and  streamside  flora  and 
fauna  which  may  lace  its  way  through  a  very  different  type  of  environ- 
ment. Dryland  riparian  ecosystems  are  extremely  important,  highly 
productive  linear  oases  in  the  surrounding  arid  areas. 

Riparian  ecosystems  provide  soil  and  water  resources  for  irrigated 
agriculture  and  livestock  production  in  regions  where  the  moisture 
regiment  and  carrying  capacity  would  not  otherwise  provide  them. 
Recreational  uses  of  riparian  ecosystems  are  also  important,  with 
fishing,  canoeing,  birdwatching  and  other  activities  dependent  on  the 
stream.  In  general,  dryland  riparian  systems  facilitate  the  exploita- 
tion of  the  adjacent  uplans,  thus  enhancing  the  productivity  of 
neighboring  arid  areas.  This  type  of  ecosystem  often  contains  the 
only  large  vegetation  species,  such  as  cottonwood  trees,  in  areas  where 
grasses  and  shrubs  predominate. 

For  wildlife,  riparian  ecosystems  provide  food,  water,  shade,  cover, 
and  migration  corridors  for  both  resident  and  migratory  species. 
Further,  amphibians  and  fish  depend  directly  on  the  quality  and  quantity 
of  the  water  in  the  system.  When  unrestrained  use  or  overuse  dimin- 
ishes the  quality  of  or  destroys  a  riparian  system,  local  desertifi- 
cation may  set  in. 

Floods  and  flood  control:  When  the  upper  reaches  of  a  river  basin 
lose  their  vegetation      through  deforestation  and  desertification, 
the  risk  of  floods  downstream  increases  several-fold.  As  described 
in  Section  IV,  unprotected  soils  are  eroded  and  transported  away  by 
wind  and  water,  specially  by  storm  water.  A  description  has  also 
been  given  of  how,  when  drylands  are  desertified,  storm  runoff 
increases  due  to  lowered  infiltration  soil  capacities.  This  runoff 
can  become  torrential,  and  the  intensity  and  velocity  of  flash  floods 
also  increases. 

Flash  floods  are  a  normal  feature  of  arid  and  semiarid  lands,  as  are 
droughts,  and  are  produced  by  highly  localized  and  intense  rainfall. 
The  geology,  topography  and  drainage  of  the  watershed,  together  with 
the  amount  and  quality  of  the  existing  vegetation,  influence  the 
conditions  under  which  flash  floods  occur. 

Another  consequence  of  the  increased  runoff  and  erosion  of  desertified 
hydrologic  systems  (watersheds,  playa  lakes)  is  the  increased  amount 
of  sediment  entering  the  surface  water  bodies.  This  in  turn  results 
in  siltation,  as  described  in  Section  IV,  with  several  detrimental 
consequences. 
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Some  flood  control  measures  can  unfavorably  Impact  watersheds,  specially 
small  ones,  by  the  channelling  of  streams,  The  meandering  streams  are 
straightened,  and  the  biomass  of  riparian  vegetation  is  thus  effectively 
reduced.  Often  in  channelling,  the  .streambeds  are  lined  with  concrete 
or  other  impermeable  materials  which  prevent  water  seepage.  The 
riparian  vegetation  is  strongly  impacted,  sometimes  irreversibly, 
desertification  sets  in,  and  the  whole  cycle  of  more  runoff,  more 
erosion,  more  sediment,  higher  water  volume  downstream,  is  set  in 
motion. 

Availability  of  natural  habitat  and  forage,  and  competition:  The 
interaction  in  which  two  species  require  the  same  resource  is  called 
interspecific  competition.  Two  species  can  use  a  common  resource 
without  necessarily  competing.  Competition  takes  place  only  where  the 
resource  is  used  to  the  point  of  being  in  short  supply,  and  the 
populations  are  affected  as  a  result. 

The  actual  feeding  patterms  of  animals  are  complex,  varying  with  geo- 
graphic location,  time  of  year,  and  plant  subspecies.  See  figure  V-15. 
Competition  is  least  likely  to  occur  between  two  coexisting  species  with 
very  different  feeding  niches.  Two  herbivorous  species  which  would  not  compete 
significantly  in  a  system  with  healthy,  diverse  vegetation  might 
converge  in  their  feeding  patterns  where  vegetation  is  degraded  and 
would  be  driven  to  competition.  Competitive  effects  are  not  confined 
to  food.  If  one  animal  eats  vegetation  needed  by  another  for  shelter, 
the  detrimental  effect  is  just  as  real  as  food  shortage. 

The  most  dramatic  effects  are  those  in  which  the  major  life  form  of 
the  native  vegetation  is  changed,  as  when  grassland  is  converted  to 
shrubby  vegetation.  For  example,  pinyon- juniper  forests  have  invaded 
grass-covered  foothills  of  Western  mountain  ranges;  sagebrush  and 
shadscale  have  replaced  perennial  grasses,  forbs,  and  more  desirable 
shrubs  in  the  Great  Basin  valleys  and  plains;  and  creosote  bush 
desert  has  replaced  grassland  in  the  Southwest.  Siich  vegetation  changes 
have  probably  the  more  profound  effect  on  some  wildlife  species. 
However,  there  may  be  some  species  for  whom  the  vegetation  changes  are 
beneficial.  In  the  case  of  two  noncompetitors,  range  degradation  for 
one  may  be  range  improvement  for  the  other.  This  is  an  area  that  needs 
to  be  better  understood,  specially  taking  into  account  that  various 
livestock  and  wildlife  species  are  specialized  to  a  degree  in  their 
feeding  patterns,  each  applying  different  kinds  of  pressure  on  the 
local  vegetation.  If  competition  occurs  in  detriment  of  the  quality 
of  the  land,  the  probability  of  desertification  is  enhanced. 

Multiple-use  management:  Multiple-use  has  been  defined  in  P.L.  94-579, 
cited  as  the  Federal  Land  Policy  and  Management  Act,  as  the  management 
of  land  and  resources  "so  that  they  are  utilized  in  the  combination 
that  will  best  meet  the  present  and  future  needs  of  the  American  people; 
making  the  most  judicious  use  of  the  land  for  some  or  all  of  these 
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resources  .  .  .;  the  use  of  some  land  for  less  than  all  of  the  resources; 
a  combination  of  balanced  and  diverse  resource  uses  that  takes  into 
account  the  long-term  needs  of  future  generations  .  .  .;  and  harmonious 
and  coordinated  management  of  the  various  resources  without  permanent 
impairment  of  the  productivity  of  the  land  and  the  quality  of  the 
environment  with  consideration  being  given  to  the  relative  values  of 
the  resources  and  not  necessarily  to  the  combination  of  uses  that  will 
give  the  greatest  economic  return  or  the  greatest  unit  output."  (emphasis 
added).  This  last  part  is  what  essentially  differentiates  public 
(federal,  state,  and  local)  from  private  standpoints,  as  will  be 
discussed  later  in  this  section. 

Multiple-use  management  is  a  difficult  task  to  undertake  under  any 
circumstances,  at  any  level  of  stewardship,  and  under  any  type  of  owner- 
ship. It  is  specially  so,  given  the  limited  knowledge  available  about 
the  interrelationships,  the  relative  values,  the  costs,  and  the  benefits 
attributable  to  the  various  combinations  of  resources  and  their  uses 
that  comprise  different  management  schemes.  It  is  even  more  complicated 
where  the  ecosystem  to  be  managed  is  short  of  at  least  one  main  resource: 
water.  Nevertheless,  manage  we  must,  to  the  best  of  our  ability  and 
understanding. 


Land  Ownership  and  Land  Stewardship 

Table  v-13  shows  the  approximate  acreage  of  land  by  ownership  and  by 
State.  Some  states,  especially  Nevada,  have  a  large  portion  of  their 
land  managed  by  the  federal  government  (table  V-14  ).  In  others, 
such  as  Texas,  land  is  mostly  privately  owned.  Arizona  has  the 
largest  percentage  in  state  ownership.  Figure  V-16  shows  land  ownership 
by  region. 

Changes  in  land  use  have  led  to  some  land  ownership  changes,  such  as 
the  purchase  of  land  by  federal,  state,  and/or  local  governments  for 
streets,  highways,  parks,  government  buildings  or  the  sale  or  exchange 
of  land  by  federal,  state,  and  local  governments  to  the  private  sector. 
The  changes  occurring  in  the  last  few  years  have  generally  not  been 
large  enough,  in  terms  of  acreage,  to  significantly  alter  the  approx- 
imate figures  presented  in  these  tables. 

Throughout  the  seventeen  Western  States,  36%  are  federal  lands, 
including  Indian  trust  lands;  5%  are  6wned  by  the  state;  and  59%  are 
in  private  ownership.  This  fact,  plus  the  areal  "checkerboard" 
condition  of  these  lands,  produces  a  situation  in  which  the  kind  of 
management  used  in  land  of  one  type  of  ownership  directly  or  indirectly 
influences  the  others. 

Land  ownership  also  determines  the  stewardship  employed:  the  purpose 
of  use,  the  use  itself,  and  the  methods  applied  to  fulfill  the  purpose. 
Privately  owned  lands,  when  they  are  used,  must  provide  shelter,  a 
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profit,  and  support  a  livelihood.  State-owned  lands  provide  financial 
support  for  the  school  systems,  and  serve  as  facilities  for  conducting 
public  business  and  provide  services,  among  other  uses.  Federally- 
owned  lands  are  generally  not  managed  to  produce  economic  profits. 
These  lands  must  provide  services  to  the  public  under  multiple  use 
conditions,  and  they  must  be  managed  so  as  to  maintain  and  enhance 
environmental  quality.  This  direct  responsibility  for  pursuing 
ecological  integrity  is  assigned  to  the  federal  government  in  a  vast 
body  of  legislation  that  influences  the  management  methods  used. 
Attitudes  of  landowners  also  affect  management.  Long-term  views  of 
maintenance  of,  and  investment  in,  the  renewable  resources  of  the  land 
as  compared  to  short-term  views  of  a  consumptive  type  use  of  these 
resources  may  provide  vastly  different  management  goals  and  procedures. 
These  differences  in  long-term  and  short-term  attitudes  in  land  owner- 
ship may  also  be  reflected  in  the  interactions  between  the  private  and 
the  public  sectors  on  the  land  uses  proposed  and  adopted. 

It  is  important  to  note  that  the  perception  people  have  of  their 
surrounding  environment  influences  their  decisions  as  well,  ranging 
from  personal  to  political  attitudes.  For  example,  since  a  large 
internal  movement  of  population  from  cold,  humid  areas  to  warmer,  drier 
areas  is  occurring  in  the  U.S.,  these  settlers'  lack  of  knowledge  of 
arid  area  constraints  may  become  consequential  in  decision-making 
regarding  the  management  of  certain  drylands  resources.  People  from 
mesic  systems  are  not  prepared  to  live  with  the  variations  of  arid 
climates.  "They  are  often  fooled  by  the  system.  After  a  year  or 
two  of  heavy  rains  they  think  they  can  grow  rice.  After  a  mild 
winter  they  think  they  can  grow  bananas.  After  a  few  dry  years  they 
will  build  a  house  in  a  dry  creek  bed.  Even  after  they  have  been 
burned,  they  repeat  the  foolishness.  People  have  short  memories, 
especially  western  society  people."  (Innis,  1978) 

The  effect  on  the  stewardship  of  the  drylands  of  this  "new"  popu- 
lation, specially  in  the  Southwest,  has  not  yet  been  characterized 
or  assessed. 
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Table   V-2 

Total  Acreage  Irrigated  by  Bureau  of  Reclamation 

Water  Projects  -  United  States 

Year  Irrigated  Acreage 

1920  2,205,420 

1971  8,833,998 
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Table  V-3 

Livestock  on  U.S.  National  Forest  System  Lands 


Thousands  Grazed  Receipts 

from 
Grazing 
Cattle  and 
Horses      Sheep  (OOP's) 


1963  1,339       2,280  $  4,028 

1977  1.542       1,467  $11,443 


Note:  Most  National  Forest  System  Lands  grazing  occurs 
in  the  Western  U.S. 


Source:  USDA,  Agricultural  Statistics,  1978. 


Livestock  on  Lands  Administered  by  the  Bureau  of  Indian  Affairs 

Number  of  Operators  18,688 

Number  of  Cattle  539,300 

Number  of  Horses  51,094 

Number  of  Sheep  and  Goats  621,817 

Animal  Unit  Months  (AUMs)  of  Use  7,490,430 

Source:  Private  Communication,  BIA,  June  1980. 
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Table  V-5 


1978  Cattle  and  Sheep  Production 
(million  head) 


Location 


United  States 


17  Western  States 


17  Western  States 


Land  Ownership 


All 


All 


BLM  Lands 


Cattle 


116.3 


59.1 
1.73 


Sheep 

12.4 
9.6 
1.8 


I 


Sources:     U.S.  Department  of  Commerce,  Statistical  Abstract,  1978; 
BLM/USDI,  1980,  private  communication. 
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Table  V-6a 

Vegetation  and  Soil  Condition 

Condition  Class  Standards  Used 

Excellent  76  -  100%  of  Potential 

High  51  -  75% 

Medium  26  -  50% 

Low  0  -  25% 


"Potential"  means  the  climax  vegetation  and 
soil  condition  in  a  pristine  state. 


Source:  U.S.  Dept.  of  Agriculture,  RPA,  1980, 
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Table  V-10 


Participation  in  selected  outdoor  recreation  activities 
by  people  12  years  and  older,  1977  1/ 


Recreation  activity 


Percent 

age 

Percentage 

particip 

>ating 

participating 

at  least 

five  or  more 

once  a 

year 

times  yearly 

73 

39 

72 

49 

69 

57 

68 

57 

63 

49 

62 

36 

61 

44 

56 

43 

53 

36 

50 

36 

47 

39 

46 

35 

41 

22 

34 

20 

33 

24 

30 

12 

28 

16 

26 

20 

21 

9 

21 

12 

19 

14 

16 

5 

16 

8 

16 

11 

16 

9 

15 

8 

11 

5 

8 

5 

7 

4 

2 

1 

Visits  to  amusement  parks,  zoos,  aquariums, 

fairs ,  etc. 

Picnicking 

Driving  for  pleasure 

Walking  or  jogging 

Pool  swimming  and  sunbathing 

Sightseeing 

Attending  sports  events 

Playing  outdoor  sports  or  games 

Fishing 

Nature  walks,  bird-watching,  or  wildlife 

photography 

Bicycling 

Nonpool  swimming  and  sunbathing 

Attending  dances,  concerts,  or  plays 

Boating  (not  including  sailing  or 

canoeing) 

Tennis 

Camping  in  developed  areas 

Hiking  or  backpacking 

Use  of  off-road  vehicles  or  motorcycles 

Camping  in  primitive  areas 

Sledding 

Hunting 

Canoeing,  kayaking, or  river-running 

Water skiing 

Golfing-- 

Ice  skating 

Horseback  riding 

Sailing 

Snowmobiling 

Downhill  skiing 

Cross-country  skiing  or  ski  touring 


\j   According  to  the  U.S.  Census  Bureau,  the  U.S.  population  12  years 
and  older  was  174.4  million  as  of  July  1,  1976. 

Source:  U.S.  Department  of  the  Interior,  Heritage  Conservation  and 
Recreation  Service,  1977  National  Outdoor  Recreation  Survey.   (USDI , 
1978) 
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Table   V-14 


Federally  Owned  Land 


Region 
Great  Plains 
Mountain 
Pacific 


Total  Land 
(1000  acres) 

Percent  Owned  by 
Federal  Government 

407,184 

3.0 

548,448 

49.1 

204,500 

44.5 

Source:  U.S.  General  Services  Administration,  Inventory  Report 
on  Real  Property  Owned  by  the  United  States  Throughout 
the  World,  1977 
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V.  2^ 


Figure  V-1 


Land  U—  In  th«  17  W«tt«m  Stat«t 
Federal  Land 


Land  Usa  In  the  17  Weatarn  Stataa 
Non-Fadaral  Land 


Cropland 


OltMTland 


Sourca:  Butmu  of  the  C«f>MM.  Statiatlcal  Abstract  of  tf>*  U.S„  1978. 
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Figure  V-5 


Grazing  Land  Ecosystems -1970 


Non*oofnni#rcW 
For««t 

.2% 


Qr«at  Plain*  fUglon 


Non -commercial 
Forast  ^ 


Mountain  Roglon 


Exckides  non-co«nm«rcW  for*«i 
Ivid  in  other  lor«>t  •co>y«t«<n«. 

Source:  USDA.BeA.  197B. 


v.^z 


CO 

CO 

CO       - 

CO    c 

o  .2 


C  <D 

O  O) 

3  C 

O"  w 

o  - 

^  o 

Q)  (0 

•^  «  s 

-3  '"     CO 

«  C    3 

O    i_ 

o  «    ® 

CO  >  4: 

•  £   O 

=  3  ^ 

-1  o   o 


TJ     <D 
I? 

2  « 

CO    w 

.£  o  <o 

•s   0)    CO 

?5  ^ 

C    CD    ^ 

CO  «  "5 
^  n  o 


m  CO 

^  >« 

3  Oi 

CO  to 

««  CO 

o  x: 

—  * 

«  c 

£  .Q 

O  > 

CO  5 

•  D 

>  _ 


3 
CO 

O  CO 

(S  « 

O)  CO 

C  3 

o  o 

CO  o 


*  -i  1.  11  1 

vo 


O) 


CO  O 
Q.  '^ 
CO  o 
O     3 

£   o 

It 

O    <B 


o 

Q. 


-149- 


V.  ^^ 


•150- 


v.vs 


151- 


v^.V^ 


CO 

c 
o 


9) 


O) 


c 
o 


(0 

c 
o 

o 


9 

I 
CO 

& 


S    8    2    S 


S    S     S    S    S    ? 

Atp  jad  suo||t6  uo|||ig 


S    8     2 


o 

09 


-152- 


I'.V? 


o 
I 


C7> 


-153- 


V.^9 


s 

ft* 


w 
O 

» 

Z  ^S 

rv    O    t 

3     C 

•a  M  o 
in  (J 


c  s 

-J    a* 


^ 


8 


o 

in 


O 


o 


S3M0V  NOmiH 


OS 


e 


M      en 


a 

CO 


a 

s- 

o 


-154- 


i 


V.V9 


i 


Figure    V-12 


IRRIGATED  LAND  IN  FARMS 
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Source:  USDA,  1978  Handbook  of  Agricultural  Charts. 
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Figure     V-13 


IRRIGATED  AND  NONIRRIGATED 
ACREAGE  HARVESTED  AND  VALUE 
OF  PRODUCTION 


Acreage  Harvested 


Value  of  Production 


Source:  USDA,  1978  Handbook  of  Agricultural  Charts. 


■156- 


v.sr/ 


Figure     V-14 
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Figure      V-14       con't. 
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Figure     V-15 


Feeding  niches  of  wild  ungulates  and  domestic 
herbivores  and  potential  competition  between  them 
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Feeding  Niches  of  Domestic  Animals 

'  Strength  of  the  arrows  symbolizes  approximate  feeding 
preferences  Poteritial  for  competition  is  greatest  when  two 
soecies  have  similar  preferences. 


Source:  Frederic  H.  Wagner,  "Livestock  Grazing  and  the  Livestock  Industry," 
in  Wildlife  and  America,  Howard  P.  Brokaw,  ed.,  CEQ,  1978. 
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Land  Ownership,  1979 
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VI.  Indicators  of  Desertification 

The  complex  processes  affecting  desertification,  previously  discussed  in 
Sections  IV  and  V  can  be  understood  and  subjected  to  inventory  and 
monitoring  procedures  described  in  Section  VII  when  based  on  an 
agreed-upon  interdisciplinary  set  of  critical  indicators.  This  need 
was  recognized  in  the  course  of  studies  which  accompanied  the  UN 
Conference  of  1977.  Two  resulting  studies,  an  analysis  of  critical 
Indicators  prepared  by  Clark  University  for  the  U.S.  Agency  for  Inter- 
national Development,  and  a  Handbook  on  Desertification  Indicators 
compiled  by  the  American.  Association  for  the  Advancement  of  Science 
for  a  seminar  held  in  1977,  provide  the  basic  material  for  this 
chapter  on  indicators. 

The  set  of  integrated  indicators  of  desertification  is  based  on  physical, 
social,  and  biological  factors.  Each  of  the  selected  indicators  should 
provide  a  diagnostic  index  of  some  component  of  the  process.  The  list 
is  in  a  state  of  constant  revision  and  refinement  as  additional  knowledge 
of  the  desertification  processes  is  acquired. 

Some  principles  for  indicators  are  that:  (1)  they  should  be 
directly  measurable;  (2)  the  unit  of  geographic  reference  must  be 
specified  (whether  one  meter  or  transcontinental);  (3)  the  stage  of  desert- 
ification should  be  specified,  recognizing  that  phases  of  desertifi- 
cation range  from  mild  effects  to  practically  irreversible  conditions; 
and  (4)  numerical  and  qualitative  standards  must  be  associated 
wherever  possible. 

The  importance  of  an  agreed-upon  set  of  indicators  is  based  on  the 
need  to  avoid  overaccumulation  and  underanalysis  of  data  both 
because  of  cost  considerations  and  the  adverse  effects  of  over- 
loading analysts  and  decisionmakers.  It  is  also  necessary  to  provide 
sets  of  indicators  reflecting  regional  differences  both  in  physical 
parameters  and  in  social  institutions.  To  facilitate  practical 
monitoring  programs  it  is  useful  to  establish  representative  sample 
areas  to  serve  as  readily-observed  benchmarks  or  "control"  sites. 

As  discussed  in  the  section  on  monitoring  systems  (Section  VII)  which 
follows,  the  United  States  has  long  established  and  comprehensive 
systems  for  gathering  data  on  the  physical,  biological,  and  social 
contributors  to  desertified  land.  Improvements  in  capability 
through  advanced  remote  sensing  collection  and  computerized  data 
processing  are  underway.  Nevertheless,  even  with  a  substantial  data 
base,  numerous  sources  have  pointed  out  that  current  systems  are  not 
presently  organized  satisfactorily  for  systematic  documentation  of 
the  progress  of  desertification.  For  example,  while  there  is  much 
crop  production  data  in  the  United  States,  there  is  relatively-little 
measurement  of  productivity  in  terms  of  the  balance  between  declining 
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natural  productivity  and  increasing  inputs  of  fertilizer  and  energy. 

Three  sets  of  linked,  critical  indicators  were  defined  by  the  Nairobi 
Seminar  on  Desertification.  They  are  presented  here  in  the 
accompanying  tables,  in  simplified  form  under  the  broad  headings: 
(1)  physical;  (2)  biological/agricultural;  and  (3)  social.  In 
addition  to  indicator  classes,  tables  1  and  2  also  show  sources  of 
observations  or  data,  for  example,  ground  or  remote  sensing,  desired 
frequency  of  observation  and  background  data  variables. 

This  list  of  indicators  has  been  modified  in  this  study  for 
adaptation  to  the  situation  currently  prevailing  in  the  United  States, 
Thus,  physical  factors  include  climate,  soil  and  water;  biological 
factors  include  flora  and  fauna;  and  social  indicators  address 
population  dynamics,  economic  dynamics,  and  production  or  economic 
uses  of  the  land.  A  brief  discussion  amplifying  each  of  these 
categories  follows. 

Climate 

The  characteristics  of  climate  in  the  arid  and  semiarid  West  are 
discussed  elsewhere  in  this  study.  Persistence  of  periods  of  low 
rainfall  is  a  characteristic  meteorological  feature.  Coordination 
of  rainfall  information  with  other  information  on  change  such  as 
measures  of  bare  ground  and  dust  storms  are  provided  through  a 
number  of  services.  On  a  global  basis,  the  World  Weather  Watch 
(WWW)  gathers  climatic  data  from  synoptic  stations  which  includes 
cloud  cover,  vertical  temperature,  humidity,  snow  cover,  land 
surface  temperature,  precipitation  and  so  on.  Major  abnormal 
weather  conditions  are  reported  weekly  by  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA).  Solar  radiation,  ozone,  carbon 
dioxide  and  sulphur  dioxide,  all  contributors  to  climate  and 
climate  change,  are  also  monitored  and  reported  by  NOAA.  While 
the  reports  have  no  direct  link  to  desertification  processes,  the 
data  is  designed  to  help  land  managers  deal  with  declining  produc- 
tivity. The  present  objective  of  climatologists  is  to  provide 
long-term  "benchmark"  data  in  order  to  detect  climatic  shifts,  using 
trends  derived  from  studies  of  archeology,  paleontology,  dendro- 
chronology (tree  rings),  etc.,  for  determining  past  climates. 

Soil 


The  washing  away  or  blowing  away  of  soil  is  an  important  indicator 
of  desertification  which  is  regularly  measured  both  in  situ  and  in 
transport.  Hydrological  data  on  suspended  sediments  have  been 
recorded  for  parts  of  the  Southwest  U.S.  for  many  decades.  Some  of 
the  quality-of-soil  indicators,  also  listed  in  table  1,  are  depth, 
organic  content,  crusts  and  salinity.  Degradation  of  soil  may  occur 
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in  progressive  stages  requiring  different  sets  of  indicators  to 
monitor.  An  increase  in  toxic  elements,  such  as  salts  or  alkalis, 
affects  vegetation,  microorganisms  and  pH,  will  be  unfavorable  to 
growth,  and  decreases  permeability,  and  amount  of  usable  water.   In 
advanced  stages  the  visible  manifestations  are  likely  to  be  white 
or  gray  surface  coloration  and  saline  crusts.  Degradation  of  soil 
structure  will  be  evidenced  by  textural  changes  and  by  eventual 
surface  appearance  of  dunes  or  gullies,  or  other  features.  Deterior- 
ation of  fertility  may  also  be  a  result  of  physical  and  chemical 
conditions.  Interpretation  of  complex  soil  interactions  draws  on 
geomorphology  and  hydrology  as  well  as  soil  science. 


Water 

The  progressive  loss  of  ground  water  and  ground  moisture  is  a  sig- 
n-'ficant  indicator  of  desertification  and  requires  measurement  of 
standing  water  and  drainage  systems  as  well  as  ground  water  depth 
and  quality  (table  1).  Ground  water  depth 

is  important  to  the  use  of  wells  to  tap  underground  aquifers?  On 
the  other  hand,  a  rise  may  warn  of  approaching  waterlogging. 
Drainage  refers  to  the  magnitude  and  continuity  of  water  flows  in  a 
drainage  basin,  including  the  sediment  load.  Irregular  flow  of 
water  may  be  due  to  such  factors  as  desertification  in  upstream 
areas,  poor  distribution  or  reduced  soil  absorption.  Finally,  even 
where  the  annual  total  rainfall  is  low,  rainfall  may  occur  in  heavy 
downpours,  increasing  the  likelihood  of  high  runoff  and  water 
erosion. 


Flora 

The  biological/agricultural   indicators  include  cover,  above-ground 

biomass,  yield,  and  the  distribution  and  frequency  of  key  species 

(table  VI-2).     The  single  most  important  biological   indicator  is 

change  in  perennial   plant  cover  or  production.     However,  it  must  be  noted  that 

the  quality  of  plant  cover  must  be  recorded  since  brushes  and  weeds  may 

be  present.     Above-ground  biomass  consists  of  grasses,  forbs,  trees 

and  shrubs.     Change  in  plant  density  and  increase  in  the  relative 

number  of  weed  species,  xerophytic  species,  and  of  unpalatable 

plant  species  are  indicative  of  a  downward  trend.     Vigor  of  species, 

grasses  for  example,  is  important  to  observe.     Prediction  of  trends 

depends  upon  appropriate  sampling,  taking  into  account  size,  production,  and 

density  of  desired  subject  vegetation  and  the  characteristics  of  particular 

mixed  stands. 
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Fauna 

Fauna  indicators  include  key  species  of  wildlife  as  well  as  domestic 
animal  populations.  Insects,  birds,  vertebrates,  and  some  species 
of  small  animals,  particularly  rodents,  can  be  identified  as  key 
indicators  of  desertification.  Population  of  domestic  animals 
encompasses  numbers  and  types  of  stock.  Of  special  importance  is 
the  proportion  of  the  number  of  animals  to  units  of  grazing  land. 
This  range  carrying  capacity  is  normally  considered  to  be  site- 
specific.  The  concept  of  carrying  capacity  in  renewable  resource 
management  is  used  to  indicate  the  level  of  sustained  use  at  which 
the  resource  will  not  be  permanently  damaged  or  its  productive 
capacity  lowered.  There  is  a  close  correlation  between  flora  and 
fauna  indicators,  especially  when  applied  to  rangeland  condition. 
Since  a  high  proportion  of  cattle  are  living  in  arid  or  semiarid 
areas,  the  rangeland  indicators  become  of  particular  importance. 
One  of  the  better  indicators  of  trend,  in  addition  to  condition 
of  the  soils,  is  the  presence  and  production  of  plants  in  relation  to 
the  production  by  species  in  the  climax  community  on  the  same  ecological 
site.   In»  this  way,  flora  actually  determines  fauna. 

Social  Indicators 

The  factors  dealt  with  above,  concerning  physical  and  biological 
indicators,  interact  in  a  very   complex  way  with  "social"  variables, 
that  is,  the  wide  range  of  human  activities  which  impact  directly 
and  indirectly  on  the  range  of  environmental  attributes.  Table  VI-3 
has  broken  the  social  indicators  down  by  change  in  land  use,  settlement 
pattern,  human  biological  parameters,  and  social  process  parameters. 
As  pointed  out  in  The  Handbook  on  Desertification  Indicators,  "any 
social  indicators  selected  are  more  likely  to  be  suggestive  of 
desertification  rather  than  positive  proofs  of  its  existence."  Social 
indicators  assume  a  temporal  dimension,  a  means  of  indicating  trends 
in  human  land-use  activities. 

Indicators,  or  variables,  are  selected  because  they  show  the  presence 
of,  or  are  symptomatic  of,  environmental  stress.  The  key  feature  of  each 
is  gradual  or  sudden  change.         Conditions  to  be  illuminated 
are  population,  livelihood,  production,  and  social  functions.  This 
report  will  arbitrarily  address  the  indicators  under  the  following 
three  categories:  population  dynamics;  economic  dynamics;  and  produc- 
tion, that  is,  economic  uses  of  the  land.  The  actual  application  and 
interpretation  of  indicator  data  will  be  performed  on  a  site-specific 
or  local  basis.  Different  indicators  may  be  associated  with  different 
areas  for  spatial  reference.  A  composite  index  appropriate  to  one 
place  may  not  be  appropriate  elsewhere.  Finally,  indicators  should  be 
chosen  so  as  to  be  capable  of  measuring  success  in  combatting 
desertification  as  well  as  degradation. 
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Population  Dynamics 

Rates  of  population  growth  can  be  documented,  with  varying  degrees 
of  reliability,  with  national  census  and  economic  statistics.  Thus, 
a  migration  between  the  rural  and  urban  areas  is  observed  to  be 
occurring  in  the  Western  U.S.  and  from  the  Snow  Belt-eastern  U,S, 
to  the  Sun  Belt-western  U,S.  The  result  of  these  movements  is  an 
Increase  in  the  urban  and  suburban  population  of  the  17  Western 
States.  These  shifts  of  populations  (seen  in  figure  V-1)  are  causing 
social  and  economic  changes  in  the  region. 


Many  of  the  social  indicators  such  as  changes  in  land  use,  changes 
in  settlement  pattern,  and  pressure  on  water,  soils,  and  vegetation 
resources,  point  to  demands  being  placed  on  resources  as  an  inexorable 
result  of  population  growth  (see  figure  VI-2).  However,  the  extraordinary 
range  of  population  densities  accommodated  within  broadly  similar  climatic 
zones  prevents  simple  conclusions  regarding  the  carrying  capacities 
of  drylands. 

Baseline  studies  of  population  in  areas  subject  to  desertification 
are  possible  through  census  data  analysis  and  can,  in  some  instances, 
be  correlated  with  trends  in  well-being,  through  nutritional  and 
public  health  data  to  derive  some  measure  of  effects  of  changing 
economic  conditions.  However,  human  biological  indicators  are  very 
complex  and  need  to  be  used  with  care. 

Economic  Dynamics 

Frequently,  indirect  human  activities  can  contribute  to  desertification. 

Examples  of  such  factors  are  unexpected 
side  effects  of  administrative  or  fiscal  change  at  the  national  level, 
rising  expectations  and  economic  demand  in  neighboring  areas,  or  change 
in  market  conditions  in  regional  centers.  Areas  vulnerable  to  desert- 
ification are  generally  (though  not  always)  relatively  sparsely  popu- 
lated and  their  economies  are  therefore  exposed  to  the  effects  of 
dynamic  social  and  economic  events  or  related  areas  with  denser 
populations,  of  investment  centers,  and  of  political  capitals.  When 
these  processes  cause  changes  in  the  pressure  of  human  use  on  the 
renewable  natural  resources  of  vulnerable  areas,  desertification  may 
set  in  or  increase.  Local  changes  caused  by  these  pressures,  whether 
direct  or  indirect,    ,  may  be  seen  in  changes  in  land  use  patterns 
and  changes  in  the  distribution  of  population  in  relation  to  effective  use  of 
resources,  and  changes  of  the  economic  base  (table  VI-1 

Social  changes  that  may  be  predictive  include  changes  in  the  distribution 
of  occupations,  income,  or  property-holding  patterns.  Changes  which  may  be 
beneficial  may  also  require  increased  prudence  to  protect  against 

-165- 
Vi5 


negative  impacts  due  to  accelerated  resource  demands.  Some  change 
factors  may  also  affect  desertification.  Reduction  in  productivity  can 
lead  to  changes  in  redistribution  patterns,  to  migration  and  to  increased 
conflict  over  resources.  The  physical  and  biological  indicators  dis- 
cussed above  are  caused  by,  and  lead  to,  a 

number  of  complex  interrelated  social  processes  which  In  some  cases 
can  be  measured  and  thus  used  as  Indicators  of  desertification. 

The  process  of  marginal ization  can  be  utilized  as  an  Indicator. 

There  is  a  tendency  for  Investments  In  arid  areas  to  be  self- 
reinforcing  factors  of  lower  income  and  lower  population  density, 
creating  the  predisposing  conditions  for  lower  levels  of  Investment. 
A  trend  toward  more  development  makes  the  peoples  of  the  vulnerable 
areas  more  dependent  on  investment  from  outside. 

In  the  United  States,  the  well -developed  census  system  permits  monitor- 
ing the  cash  income  of  farmers  as  an  economic  group.  Since  it  measures 
the  reality  of 

resources  available  to  meet  felt  needs  and  financial  obligations,  a 
fluctuation  in  cash  income  indicates  the  ability  of  farmers  to  hold 
on  to  their  farms  and  may  suggest  the  degree  of  risk  and  damage  to 
the  environment  they  are  willing  to  accept  in  order  to  do  so. 

Some  of  the  more  evident  damages  and  costs  of  degraded  land  can  be 
useful  as  indicators  of  desertification.  It  has  been  estimated,  for 
instance,  that  more  than  $15  billion  has  been  spent  since  the  1930s 
on  soil  conservation  practices.  It  must  be  added  that,  in  fuel  costs 
alone  for  example,  an  estimated  2.1  billion  gallons  of  fuel  equivalents 
are  used  each  year  (as  of  1975)  to  offset  soil  erosion  in  the  United 
States. (figure  VI-3  and  VI-4;  table  VI-5). 

The  Agricultural  Conservation  Program  invested  around  $87  million  (in 
1977)  in  the  17  Western  States  for  soil,  water,  and  timber  conservation. 
The  funds  appropriated  by  state  and  local  governments  in  the  Western 
soil  conservation  districts  were  about  $43  million  in  1977.  Rough 
estimates  on  the  costs  of  rehabilitating  slightly,  moderately,  and 
severely  desertified  land  are;  $8  per  acre  for  rangeland;  $40  per 
acre  for  dryland  farms;  and  $250  per  acre  for  irrigated  cropland. 
Areas  of  severe  desertification  might  cost  several  times  more.  One 
specialist,  Dregne,  estimates  that,  in  Texas  alone,  treatment  of 
deteriorated  rangeland  costs  around  $500  million,  and  $900  million 
for  croplands,  (figure  VI-5). 

The  difficulty  of  applying  economic  factors  as  an  Indicator  Is  that 
the  known  and  unknown  costs  to  be  paid  when  desertification  damages 
occur;  the  Investments  to  be  made  to  prevent,  arrest,  and  ameliorate 
desertification;  and  the  benefits  resulting  from  these  measures,  cannot 
be  readily  handled  by  present  analytical  methods.  In  general. 
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calculations  and  measurements  have  been  made  on  fragments  of  the 
system  without  considering  the  interrelationships  between  the  physical, 
ecological,  economic,  social,  and  political  parts,  and  the  need  to 
approach  the  problem  in  a  holistic  way. 

Of  the  many  questions  to  be  asked  with  regard  to  the  rear  price  of 
desertification,  these  are  but  a  sample; 

— In  the  U.S.  drylands,  do  all  the  true  inputs  balance  the  outputs? 
Would  taking  the  financial  bias  out  of  the  sytem  make  a  difference? 

— How  much  does  it  cost  the  region  and  the  nation  to  exploit  in  the 
short  term  the  natural  resources  of  the  area,  in  effect  reducing  their 
long-term  yield? 

— ^What  is  the  impact  of  the  changes  in  the  size  of  agricultural 
holdings,  brought  about  by  desertification  on  the  local,  regional, 
and  national  economies? 

— What  is  the  impact  of  shifts  In  employment  In  rural  communities  to 
new  activities? 

—What  is  the  value  of  the  "pristine  environment"  and  of  unique  sites 
and  biomes  threatened  by  runaway  development? 

—What  are  the  real  trade-offs  between  the  development  of  nonrenewable 
resources  and  the  quality  of  renewable  resources,  when  the  whole  chain 
of  long-term  impacts  and  the  energy  budgets  are  considered? 

—What  are  the  benefits,  if  any,  between  preventive  and  remedial  actions 
where  environmental  quality  is  concerned?  An  example  would  be  to 
compare  the  costs  of  re-establishing  the  vegetative  cover  in  parts 
of  the  Rio  Grande  basin  against  the  water  treatment  costs  necessary 
to  remove  sediments  and  salt  loads  so  as  to  comply  with  EPA  regulations. 

—What  are  the  effects  of  air  quality  on  the  health,  social,  and 
economic  conditions  of  populations  impacted  by  desertification,  and 
how  much  does  this  cost  society? 

In  closing,  a  point  should  be  made:  efficiency, 

in  economic  terms,  means  obtaining  the. greatest  output  in  relation  to 
inputs.  This  is  desirable  but  not  sufficient,  especially  in  the 
formulation  of  policy  on  resource  utilization,  A  clear  understanding 
of  who  benefits,  who  pays,  and  to  what  extent  each,  is  necessary  to 
ensure  acceptance  based  on  economic  equity.  The  problem  ts  that 
economic  equity  or  economic  welfare  is  not  as  easy  to  compute  as 
economic  efficiency.  Gains  and  losses  in  economic  welfare  are  wery 
difficult  to  define  and  measure.  Appreciation  of  who  gains,  directly 
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or  indirectly;  how  much  who  shares;  who  bears  the  costs;  and  how 
gains  and  costs  are  related;  varies  among  groups  and  individuals, 
perceived  inequities  may  offend  or  antagonize  people  and  conservation/ 
management  programs,  though  they  may  be  sound,  may  or  may  not  be 
adopted  on  the  basis  of  such  an  appreciation.  The  question  remaining 
involves  the  "optimum"  degree  of  inequality  that  the  affected  popula- 
tion, group  or  individual,  will  tolerate  or  find  acceptable.  To  this 
question  there  is  no  well-defined,  simple  answer.  The  best  approx- 
imation is  to  describe  the  existing  inequalities  in  contrast  to 
those  that  would  result  from  possible  courses  of  action,  so  as  to 
provide  some  tolerable  choices  CClawson,  1975). 


Economic  Uses  of  the  Land 

Change  in  type  of  land  use  may  be  related  to  technology,  to  land 
tenure  change,  or  to  population  growth.  Two  social  factors  to 
monitor  are  market  change  in  the  type  of  land  use,  and  the  intro- 
duction of  mechanization,  in  particular  deep  plowing,  which  causes 
the  soil  to  lose  its  protective  cover  more  readily. 

The  people  best  acquainted  with  problems  of  desertification  are 
frequently  the  residents  of  the  affected  areas.  Through  public 
participation  in  plans  for  remedial  action  it  is  possible  to  adjust 
indicators  based  on  local  perceptions  of  desertification,  local 
priorities  for  remedial  action  and  existing,  locally-based  systems 
for  regulating  land  and  water  use. 

A  need,  dictated  by  monitoring  limitations,  is  to  devise  representative 
samples  at  all  levels  which  can  provide  accurate  information  about 
"indicative"  areas  or  "biomes"  which  can  be  generalized  for  larger 
areas. 

By  examining  various  arid  land  occupancy  patterns,  a  number  of 
specific  social,  or  human  activities,  indicators  may  be  identified. 
Thus,  the  social  indicator  aspect  of  irrigation  has  to  do  with 
management--with  the  delivery  of  the  optimal  amount  of  water  at  the 
proper  times,  and  with  the  allocation  of  water  since  water  Is  a 
scarce  commodity  in  an  irrigation  system.  Similarly,  control  of 
salinization  is  a  complex  problem  and  the  longevity  of  mitigating 
systems,  such  as  artificial  drainage,  is  not  yet  known.  Social 
factors  to  monitor  in  this  instance  are:  separation  of  water 
management  from  land  management;  changes  in  type  of  social  organ- 
ization controlling  the  irrigation  system;  reduced  maintenance 
efforts;  and  an  Increase  in  formal  and  Informal  disputes  over  water 
rights. 
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Changes  and  type  of  dryland  agriculture  usage  is  another  important 
indicator.  The  type  of  agriculture  practices  in  dryland  areas,  and 
especially  changes  in  it,  are  both  important.  Much  scientific  research 
provides  support  for  the  view  that  conversion  of  marginal  drylands 
from  range  use  to  agricultural  use  is  one  of  the  principal  causes  of 
desertification.  An  obvious  consequence  of  such  a  change  is  the 
destruction  or  the  degradation  of  perennial  cover,  especially  the 
amount  of  dry  season  cover,  and  changes  in  the  regeneration  rate  of 
vegetation.  Another  factor  to  note  Is  the  differential  production 
of  food  calories  between  range  use  and  cultivation,  Wh.en  there  is 
pressure  to  increase  production,  the  motivation  to  convert  land  from 
range  to  agriculture  grows  yery   strong. 

The  uses  of  range! and  provide  indicators  since  range  systems  are 
responsive  to  both  short-  and  long-term  trends  in  market  demand 
and  directed  planning.  Pushed  too  far,  either  system  can  result  in 
degradational  land  use  changes.  The  methods  used  to  monitor  desert- 
ification in  pastoral  areas  are  closely  related  to  those  used  to 
monitor  dryland  farming  and  irrigation,  since  changes  in  resource 
use  are  critical  in  all  three, sometimes  competing  forms  of  land  use. 

Mining  can  be  used  as  an  indicator  of  effects,  where  much  land  and  other 
resources  are  affected  in  visible  ways.  Reclamation  of  mined  lands  in 
the  United  States  is  now  required  by  stringent  laws  so  that  adverse 
effects  should  be  temporary.  Leases  o*" 

financing  to  engage  in  strip  mining     involve  the  preparation 
of  Environmental  Impact  Assessment  statements,  which  describe  the 
magnitude  of  the  operation  and  the  time  required  to  effect  rehabil- 
itation. 

Arid  lands  are  increasingly  valued  for  recreation  as  discussed 
elsewhere  in  this  study.  Calculating  the  dollar  value  of  leisure- 
pursuit  benefits  and  the  costs  in  environmental  terms  is  a  new  and 
challenging  field  for  economists. 

The  quality  of  air  and  water  also  can  be  an  indicator  of  changes 
taking  place.  For  example,  in  some  cases  the  growth  of  localized 
population  and  other  activities  in  the  Western  States  has  been 
accompanied  by  a  deterioration  in  local  and  regional  air  quality. 
A  major  problem  has  been  the  demand  imposed  on  water  supplies  that 
often  force  agricultural  lands  to  be  retired  either  to  housing  or 
for  the  acquisition  of  water  and  groundwater  rights.  Reductions 
in  groundwater  levels  and  quality  result  in  increased  costs  and 
energy  consumption  for  pumping  and  treating  in  many  places. 

The  economic  uses  of  the  land  are  accompanied  by  consequences  which, 
'in  their  long  range  manifestations,  are  only  gradually  being 
recognized.  As  better  data  are  collected,  baseline  information 
compiled,  and  changes  monitored,  it  will  be  possible  to  assess  more 
accurately  the  ultimate  consequences. 
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Table  VI-1 
physical   Indicators  of  Desertification 


Indicator  Classes 

Sourca  of 
Observation 

Frequency  of 
Observation 

Backgro«atd  Data 
Variablea 

Soil  Indicators 
Effective  soil 
depth  (changea 
indicate  soil 
rcaoval  and 
sedimentation) 

Ground  and 
remote 

Monthly  - 
Annually 

Rainfall 
Slope  of  land 
Soil  texture 
Soil  atructure 
Wind  speed,  etc. 

Soil  organic 
matter 

Ground  (per- 
mits esti- 
mate of 
organic  mat- 
ter by  in- 
ference 
from  color) 

Monthly  - 
Annually 

Cruste 

Ground  end 
remote 

Monthly  - 
Annually 

- 

Dust,  duat- 
storma  aad 
sandstorms 

Ground  and 
remote 

Dally 

Wlndspeed 
Tenperatura 
Soil  moisture 
Geomorphology 

Salinization  and 
alkalization 

Ground 

Monthly  - 
Annually 

- 

Water  Indicators 
Water,  ground 
depth  and  quality 

GroiBtd 

Monthly  - 
Annually 

- 

Water,  standing 
open 

Ground  and 
remote 

Monthly  - 
Annually 

Area,  depth 
and  turbidity 

Status  of 
drainage  system 

Ground  end 
remote 

Monthly  - 
Annually 

Water  flow  and 
aedinant  load 

Other  Indicators 

Ralative 

retiectancB 

(•Ibedo) 

(teaaured 
with  sar*l- 
lite,  air 
photo  and 
ground 
instruments 

Seasonally 

Plant  cover,  soil 
surface,  soil 
moisture,  and 
aoilcolor.  Car- 
tain  obaervations 
must  be  taken 
every  time.  TOpo- 
edaphic  aettlng. 
Antecedent 
reinfall. 
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Table  VI-2:   Biological/Agricultural  Indicators  (Revised) 


Indicator  Class 


Sources  of  Data 


Frequency  of 
Observation 


Background 
Data  Variables 


Vegetation 
Cover 


production 

%  of  bare  ground/ 
ground  cover  in 
dry  season:  aerial 
photos  and 
observation, 
remote  sensing 


annually  and 
seasonally 


%  of  ligneous/ 
herbaceous  plants 

%  annuals/ 
perennials 


Above-ground 
biomass 


chlorophyll 
content:  remote 
sensing 

production 
transects  and 
quadrats:  ground 
sample  and  lab 
analysis 

preservation  plots 


monthly/ 
seasonally 

3-10  year 
intervals 

long-term 
measure 

short-term 
index 


net  assimilation 

climate 

soil  type 

erosion 

below-ground 
biomass 

%  of  ligneous/ 
herbaceous  plants 


Key  species 


potential  vegeta- 
tion communities 

records,  manuals 

ground  observation 
of  transects 

utilization  levels 
with  known  animal 
populations 


list 

compilation: 
6  mos.  -  1  yr, 

observation: 
seasonally 


range  ecological 
condition  and 
trend 

the  effect  of 
utilization  by 
different 
animals 


Yield 


grams  of  dry 
weight/ square 
meter/year  or 
season 


annually  or 
seasonally 


short-term  effect 
of  fertilizers 

yield  by  species 
of  plants  in  climax 
community  and  serai 
community  desired 
on  the  site 
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Table  VI-2  -  Continued 
Biological/Agricultural  Indicators  (Revised) 


Indicator  Class 


Sources  of  Data 


Frequency  of 
Observation 


Background 
Data  Variables 


Animal 


Key  species  of 
wildlife: 
frequency  and 
distribution 


arthropods 

small  mammals  and 

birds 


annually  or 
seasonally 


relation  and 
competition  with 
domestic  herds 


Population  of 

domestic 

animals 


numbers  and 
distribution  of 
large  and  small 
stock  based  on 
livestock 
management 
censuses 


annually  or 
seasonally 


carrying  capacity 
of  range;  physical 
and  vegetation 
indicators 


Herd 
composition 


composition  of 
herds 


annually  or 
seasonally 


physical  and 
vegetation  indicators 
determine  diverse 
types  of  forage 
available.   Variations 
in  rainfall 


Production 


live  weight  of 
animals  at  market 

milk,  meat 


annual 

statistical 

review 


purchase  of 
supplementary  cereals 


i 


I 
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Table  VI-3;  Social  Indicators  of  Desertification 

Social  indicators  described  in  Handbook,  on  Desertification  Indicators, 
modified  for  United  States  application,    '^ 

Changes  in  land  use 

Irrigation 

Dryland  agriculture 

Rangeland 

Mining 

Tourism  and  recreation 

Settlement  patterns 

New  and  sudden  expansion  of  settlement 
Diversification  of  settlement 
Settlement  decline  and  abandonment 

Human  biological  parameters 

Population  structure  and  rates 

Public  health  Indices  and  nutritional  status 

Social  process  ^Jurameters 

Redistribution  patterns 
Income  patterns 


-173- 


VI. iZ 


</> 

a; 

0) 

c 

^^ 

o 

J3 

•a 

«♦- 

t- 

o 

(- 

to 

Q) 

> 

(/) 

to 

u 

0) 

•r- 

i. 

E 

u 

O 

<u 

c 

o 

O 

u 

&■ 

liJ 

o 

Oi 

Q) 

T3 

tA 

•^ 

<a 

2 

Q) 

a> 

u 

4-> 

o 

«> 

c 

+J 

•— t 

t/n 

>> 

w 

fO 

'cL 

X 

CL 

a; 

3 

1— 

oo 

c 

s- 

o 

<u 

■M 

•4-> 

•O 

Oi 

3 

OJ 

u_ 

«e 

1 

0) 

«♦- 

{- 

o 

u 

<j: 

(O 

•»-> 

c 

o 

o 

0) 

•r- 

TJ  O 
O)  t- 
•O  -M 
■O    O 

•a 

0)  o 
3  t- 
I—  O. 

<e 
>  c 


to 


X  a 


^  (—  r^  IX) 
ir>  cy>  CM  <T> 

•         •         •         • 

o  00  o  cr> 

r—  ro  CO  o 
CO  I—  I—  CVJ 


•—  «^  CO  ro 
vo  ^  •—  00 

r««  r**  CO  CO 

Oi  r^  00 


0>  O  ID  CTi 

^  00  CTv  If) 


r^  o  v£>  in 

^  1—  CO  «3- 


U) 

to 
o 


o 


S-  I— 

o  «o  * 
c  <v 

C  O    E 

f-  to    O 

<o  t-  u 

CU  (DC 


•♦-> 

c 

o  o 
t—  rs 

Q. 

E 


o  CVJ  ro  in 


m  CVJ  CM  CO 


^  n  CO  o 

00  00  r^  CO 

•         •         •         • 

vD  ro  ro  cy> 
in  vo  v£>  CO 


I—  lO  I—  1— 

(X)  r—  CO  cr> 

00  PO  00  ^ 

fft        A        ««       #1 

«a-  tx)  vD  ■— 


CT»  I—  r^  in 
i—  ^  a>  <x> 


.—  in  I—  in 


CM  in  I—  o^ 
O  in  tx)  ro 

•         •        •         • 

00  t— in  00 


I—  cy>  00  o 
vD  r«.  CO  CT» 

CO   ^  r—  »X) 
^  CO  CO 


vo  in  CM  o 

CO  cr>  1 —  CO 

^  00  r^  in 

#k    •%    «t 

^  CO  «d- 


r^  !^  o  ■— 

in  00  00  tx> 

in  CM  O  CM 
I—  r—  CM 


in  r».  r^  I— 
o^  CO  <Tt  in 

1^  CM  CTv  O 
1—  CM 


«♦-         f— 


I 


01 


* 

4-> 

r-*  in  in  CO 

r^  o  r-v  o 

r- 

^00  CD 

,_ 

vo  1—  r—  1— 

r>. 

»— 

«—  1 — 

CO 

t^  CM  00 

•         •         •        • 

• 

•           • 

•         •          • 

>0 

■»-> 
o 

3 
O. 
■•-> 

3 

CO  CO  «^  o 

CM  CO  c^  o 

CO 

in  00  CTi 

«d-  CM  1—  CO 

r— 

CM  00 

00 

f—  in  r^ 

in  CM  CM  CO 

CM 

r—  t— 

O 

2! 

o 

4J 

ains 
ains 
rops 

• 

o 

C7) 

(J 

I-    I-  o 

.^ 

to 

s- 

c 

V) 

0) 

C  O  CJ3 

U 

1- 

o. 

to  -r-    U) 

i- 

(>0 

o           -o 

.^ 

o 

o 

1—    C  4J 

o 

■M  -o  -a  oi 

o 

+J 

4-> 

T3 

ro  •!-    i_ 

+J 

Q. 

4->   O    0)  ■*-> 

iA 

o 

lO 

to 

O 

O 

0«+-    fO 

o 

o 

O    O    0)   (O 

S- 

•»-> 

(U 

P 

O) 

O 

•1-    Qi  CL. 

O) 

i. 

o  u-  a.  o) 

o 

to 

> 

to  C 

GO 

U_ 

E  cc 

l/> 

o 

•^ 

4-> 

0) 

•r- 

E  (O 

0)         oQ 

-O  T3  -O   X- 

O 

> 

— J 

C  Li- 

C7» 

•a 

x:  E 

■o 

r* 

OJ    O)    (U   &- 

O) 

•^ 

«o 

c 

0)  O   3  ■»-> 

a; 

ro 

4->  ••->  4->  •— 1 

l/> 

_i 

4->  U_    >» 

•n* 

to 

a;«4_ 

+j 

S- 

(O   <o    fO 

O 

J- 

s- 

I/) 

.r-    (O 

o 

3 

CT  C7)  en  l- 

.^ 

0) 

>>■*-> 

3 

0) 

O   O    J- 

Q) 

4-> 

•1-   •!-    -1-     <D 

o 

01-0 

Vf— 

+J 

o 

•r-    I-    O 

t-    S-    S-  f 

o 

c 

0) 

•I-    3 

u 

o 

I-  -M    I- 

'oj 

3 

S-    S-    S-  -M 

■<-> 

(O 

OJ 

<a  o 

«a 

L. 

O)  o;  'f- 

CO 

O 

1— 1    HH    ►—4   O 

(/) 

a: 

Li. 

OCX. 

«4- 

o.  <t  Q.  <a: 

•r— 

0) 

3 

S- 

> 

C 

o> 

'r- 

«o 

c 
o 


-174- 


VLf^ 


CO 


cy>       I— 


cry 

CO 


CVJ 


if> 


K 


CO 

LD 


O  r— 


CO 


O        I— 


00 


o 

U3 


VO 


CsJ 


00 
CM 


CVJ 


^  O  CVJ 

O         VD         VD 
Lfi  f—  CVJ 


Q. 

o 

> 
a; 
o 

c 
to 

cr( 

c 

c 
e 


U 

3 
O 

« 


C7! 

c 

•r- 

3 


C 
O 

o 


00 


m       cr> 

CVJ         1— 


CVJ 


vo 


I 


^ 
^ 


o 

00 


o. 
•p- 
u 
•p" 

c 

3 


S- 

o 
+J 
o 
d) 
oo 

en 


c: 


13        re 

r—    re    C7) 

o  to   C  CT 

J-  -r-    C 

4->  f—  C'r- 
OJ    re  •!-    >, 

a  -M  s-  re 
"o  re  <u  3 
3  z  .c  err 

S-  4-> 

o       o 


CVJ 


u 
o 

u 

CO 


o 

> 
oo 

u 

X 

o 

<U 
UJ 
(U 

x: 


c: 
o 

•r- 
+-> 

re 
o 


-o 

c 
re 


re 
u 
o 


■4-> 

re 
oo 


re 

■o 
<u 

* 


T3 

s-  • 

re  h«. 

o  r>. 

CD  cr> 


Q)  re 
E  s: 

Q. 

o 


, 

, 

OJ 

> 

• 

0) 

1 — 

o 

o 

> 

s. 

0) 

0s 

•M 

to 

re 

re 

3 

X 

(U 

CO  J— 1 

re 

X 

s- 

0) 

o 

»- 

«4- 

u 

i- 

3 

o 

CO 


175- 


i^/,i5 


Table  VI-  5 


Energy  Costs  for  Various  Irrigation  Systems 
(Diesel    Fuel   Only) 


Cost  of  Energy 

Per  Acre 

1977  1979 
Traveling 

Big  Guns                                                 $28.16  $56.32 

Center- Pivot                                                17.43  34.86 

Skid-tow                                                         14.67  29.34 

Gated  Pipe 

w/o  Reuse                                                 10.27  20.54 

w/Reuse                                                       8.71  17.43 

Auto-surface                                                 7.18  14.35 

Drip- Trickle                                                 8.89  17.80 


Based  on:     100  ft.  of  lift  from  ground  water  reservoir; 

12  Inches  of  net  water  application; 

$0.41   per  gallon  diesel    fuel   -  1977; 
$0.82  per  gallon  diesel    fuel   -  1979. 

Source:     ASCE,  Water  Conservation  Needs  and  Implementing  Strategies.  1979. 


-176- 


l//./(^ 


Figure  VI-1 


Changes  in  Fanning:  1940  to  1977 
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VII.  Current  Procedures  for  Identifying,  Measuring,  and  Arresting 
Desertification:  An  Overview 


Inventorying  and  Monitoring  Systems 

Specific  national  and  international  programs  that  relate  to  identifying, 
measuring,  and  arresting  desertification  are  included  in  the  Appendix 
under  "Monitoring  Programs."  The  purpose  of  this  short  text  section 
is  to  provide  an  overview  of  the  needs  of  a  comprehensive  system  for 
obtaining  and  making  use  of  data  applicable  to  desertification  while 
also  discussing,  in  general,  the  limitations  of  the  data  system  as 
it  now  exists.  Using  this  as  background,  the  current  programs 
described  in  the  Appendix  can  be  evaluated  as  to  how  well  each  meets 
or  could  be  used  to  meet  the  needs  of  a  comprehensive  data  system. 

T.iree  compelling  reasons  for  establishing  a  comprehensive  data  system 
applicable  to  identifying,  measuring,  and  arresting  desertification 
are:  greater  scientific  understanding;  increased  public  awareness;  and 
the  ability  to  take  responsible,  appropriate  action.  It  should  also 
be  noted  that  a  comprehensive  system  that  would  include  a  multi- 
disciplinary,  multi-jurisdictional  assessment  of  the  environment  would 
have  widespread  applicability  to  resolving  other  concerns,  such  as 
the  potential  impacts  on  state  revenues  of  shifts  in  population,  and 
of  changes  in  activities  and  the  economic  base  due  to  desertification. 

The  foundation  of  a  national  data  system  should  be  a  systematic  inven- 
torying and  subsequent  monitoring  of  the  arid  and  semiarid  lands  of 
the  Western  United  States  that  would  describe  the  present  condition 
of  the  basic  resources  (soil,  water,  flora,  fauna,  and  air  quality) 
and  the  nature  and  pace  of  changes  in  the  quality  of  the  environment. 
For  this  assessment,  inventory  is  defined  as  a  complete  but  static 
picture  of  the  basic  resources  situation  and  the  uses  of  each  resource. 
Monitoring  or  re-survey,  on  the  other  hand,  is  a  measure  of  the 
dynamics  of  change  in  the  basic  resources  and  the  impact  of  the. uses. 
Thus,  the  inventory  provides  a  baseline  against  which  trends  observed 
through  monitoring  can  be  assessed. 

Both  inventory  and  monitoring  can  be  complemented  by  comparison  with 
any  available  historical  data,  and  by  incorporating  data  from  other 
sources  which  can  supplement  the  analysis  of  a  particular  region. 
Data  from  other  sources,  often  measures  of  individual  environmental 
components,  can  contribute  to  a  larger  assessment  by  identifying  the 
distinct  physical  and  cultural  conditions  that  can  combine  to  increase 
the  proneness  of  a  particular  region  or  ecosystem  toward  desertifica- 
tion. 


-183- 


VM.I 


General  principles  governing  the  collection  and  use  of  data  have  been 
developed  in  tne  course  of  desertification  studies.  These  include: 

1)  Quality  assurance  of  the  data  to  be  maintained  through 
standardization  and  constant  auditing, 

2)  The  several  types  of  data  collection  -  ground,  serial,  and 
aerial  «  must  produce  data  which  will  be  complementary  and 
applicable  at  several  levels  from  local  to  region, 

3)  Local  participation  in  the  collection  and  analysis  process  will 
assure  more  useful  data  and  greater  willingness  to  take  correc- 
tive action  where  indicated. 

4)  Data  to  be  formated  and  stored  so  that  it  is  quickly  available 
in  usable  form. 

Efficient  monitoring  calls  for  a  system  that  compiles  monitoring  and 
inventory  data  into  a  data  management  and  informational  exchange. 
Such  a  system  will  provide  for: 

1)  The  efficient  retrieval  of  information  in  a  user-oriented  format. 

2)  The  exchange  of  information  inside  and  outside  the  system. 
Therefore,  monitoring  and  inventory  procedures  should  be  designed 
to  facilitate  incorporation  of  data  into  a  larger  data  base  for 
land  management. 


Coordinating  Environmental  Data 

Reliable  and  comprehensive  monitoring  requires  coordinated  application 
of  advanced  data  collection,  processing  and  analytical  techniques  as 
well  as  agreement  among  disciplines  and  jurisdictions  on  criteria  and 
format  to  be  used.  Such  information  is  essential  to  determine  the 
extent  of  desertification  and  the  nature,  extent  and  indicators  of 
effectiveness  of  possible  remedial  or  mitigating  actions. 

A  number  of  federal,  state  and  local  agencies  have  responsibility 
to  provide  for  the  multiple-use  management,  protection,  and 
development  of  the  arid  and  semiarid  lands  of  the  Western  United 
States.  These  organizations  are  engaged  in  many  actions  involving 
various  forms  of  data  collection  and  monitoring.  In  many  cases 
specific  statutory  authority  governs  the  type  and  purpose  of 
Information  gathering.  Principal  U.S.  agencies  and  institutions 
responsible  for  monitoring  and  assessing  the  processes  related  to 
desertification  include:  the  Departments  of  Agriculture,  Interior, 
Commerce,  the  Army  Corps  of  Engineers,  and  the  Environmental  Protection 
Agency.  Recent  progress  in  standardizing  monitoring  systems  has  been 
evidenced  through  interagency  agreements  to  facilitate  improved  inven- 
tory information  exchange  and  better  state  and  federal  coordination, 
as  well  as  development  of  classification  schemes.  In  addition,  inter- 
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agency  working  groups  have  been  set  up  to  identify  areas  of  data  gap 
or  overlap. 


Preventive,  Remedial,  and  Control  Systems 

Available  procedures  for  control  of  desertification  are  based  on 
these  elements:  (1)  appropriate  legislation  at  the  federal  and 
state  levels;  (2)  institutional  arrangements  setting  up  coop- 
erative procedures  for  agencies  with  jurisdiction  or  expertise  on 
environmental  quality  issues;  and  (3)  the  application  of  innovative 
technology  for  halting  desertification  processes  and  bringing 
about  their  possible  prevention  and  abatement. 

Steps  are  being  taken  to  remedy  deficiencies  in  data  base  stan- 
dardization and  exchange  through  a  variety  of  Executive  Orders, 
memoranda  of  understanding  between  government  agencies  and  legis- 
lative and  other  directives  which  have  resulted  in  the  establish- 
ment of  interagency  and  interdisciplinary  task  forces  and  liaison. 
The  Departments  of  Agriculture,  Commerce,  and  Interior  have 
expanded  activity  in  such  areas  as  the  monitoring  of  vegetation, 
consolidation  of  environmental  data,  and  centralization  of 
national  mapping  functions,  respectively. 


In  the  area  of  remote  sensing  technology,  a  significant  recent  devel- 
opment is  the  decision  to  proceed  from  the  experimental  Landsat  phase 
to  a  fully  operational  satellite  system  with  consequent  assurance  that 
timely  data  will  be  routinely  available  to  federal,  state,  and  local 
users.  The  interagency  national  High  Altitude  Photographic  Data  Base 
Program  will  obtain  coverage  of  the  U.S.  in  three  years  with  high- 
quality  photography.  The  high-altitude  aircraft  data  base  program 
and  the  global  Landsat  program  will  effectively  complement  one  another, 
Another  significant  advance  is  the  creation  of  programs  to  train  state 
and  local  users  in  the  application  of  these  new  data  and  to  assure 
the  quick  availability  of  data  at  a  reasonable  cost. 

Additional  improved  capability  is  provided  by  the  development  of  the 
Domestic  Information  Display  System,  a  major  interagency  program  for 
storage,  retrieval  and  display  of  environmental  and  other  data  on  the 
United  States. 


Professor  Dregne  has  observed  (1978):  "There  is  little  likelihood 
that  demands  for  a  better  life  by  a  constantly  increasing  population 
can  be  met  unless  the  technological  component  of  development  is 
expanded  and  improved  (emphasis  added)." 
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In  the  specific  case  of  desertification  control   aimed  at  coping  with 
land  degradation  problems,  tv/o  general   approaches  utilizing  technology 
exist:     modification  of  the  physical   parameters  of  an  arid  region  to 
permit  greater  biological    productivity  (e.g.,  importation  of  water); 
and  the  strengthening  and  promotion  of  actions  which  maximize  efficient 
use  of  the  arid  lands   (e.g.,  introduction  of  new  varieties  of  drought- 
resistant  plants). 


The  effectiveness  of  any  applied  technology 
is  dependent  upon  the  appropriate  analysis,  assessment,  and  considera- 
tion  of  trade-offs  which  takes   into  account  the  economic  and  environ- 
mental   requirenents--and  people's  expectations--of  the  affected  region. 
It  is  only  after  the  optimum  required  and  expected  return  is  established 
that  the  pertinent  data  can  be  assembled  and  manipulated. 

The  following  partial   listing  of  technologies  applicable  to  arid 
region  problems  is  divided  arbitrarily  into   (1)  high-level,  high- 
cost  technologies   for  modifying  the  environment,  and   (2)   intermediate, 
adaptive  technologies. 

(1 )  Environment-modifying  technologies 

a.  Interbasin  water  transfer  facilities 

b.  Exploitation  of  new  water  sources  by  such  devices  as  deep 
drilling 

c.  Desalinization  plants 

d.  Climatic  modification  through  prolonged  cloud  seeding 

e.  Major  vegetation  modification  such  as  removal  of  phreatophytes 

(2)  Adaptive  technologies 

a.  Cultivation  of  traditional  desert  plants  such  as  jojoba 

b.  Genetic  improvement  of  crop  species  to  produce  greater 
salt  or  drought  resistance 

c.  Microclimate  modification  through  such  means  as  planting 
windbreaks 

d.  Local  water  runoff  collection  and  storage 

e.  Improvement  to  local  irrigation  through  drip  and  trickle 
water  application  system  and  tiling. 
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Limitations  of  Existing  Procedures 

Desertification  processes  can  be  halted  and  reclamation  procedures 
initiated  only  if  there  is  an  accurate  physical  assessment  of  the 
processes  involved,  an  estimate  of  the  magnitude  of  the  problem, 
and  the  location  of  specific  problem  areas  together  with  information 
adequate  to  determine  the  potential  for  reclamation. 

Desertification  monitoring  requirements  for  many  kinds  of  data  over 
large  regions  presently  are  difficult  to  meet  at  acceptable  costs 
using  conventional  surveys.  However,  supplementing  ground  collec- 
tion with  remote  sensing  systems,  combined  with  computers  and 
electronic  communications,  shows  promise  for  future  coverage  of 
large  regions  efficiently  and  economically. 

Recent  studies  by  federal  and  state  groups  have  examined  in  detail 
domestic  capabilities  for  environmental  inventorying  and  monitoring. 
A  general  comment  has  been  that  quantities  of  specialized  data 
are  collected  in  a  multitude  of  formats  on  specific  environmental 
topics.  However,  to  date  there  has  been  insufficient  treatment  of  the 
data  in  an  ecological  or  total  environmental  way.  Coverage  tends  to 
be  spotty,  with  concentration  of  data  on  areas  of  apparent  greater 
economic  potential.  However,  as  a  result  of  NEPA  and  other  rulings, 
there  has  been  increased  emphasis  on  presenting  information  on  areas  , 

in  a  total  environmental  form. 

A  Council  of  State  Governments'  report  on  Environmental  Data  and 
Monitoring  Policy  expressed  two  primary  concerns:  the  need  for 
improved  coordination  among  agencies  for  collecting  and  using  data; 
and,  second,  the  need  for  improved  responsiveness  of  federal  data 
procedures  to  the  needs  of  State  users. 

Another  interagency  task  force,  reporting  to  CEQ,  reported  major 
areas  of  concern  as:  coordination;  quality  assurance;  cross-media 
analysis;  budget  consideration;  and  land  use  data  issues.  The 
report  points  out  that  inadequacies  in  data  collection  have 
resulted  in:  delay  in  federal  projects;  redundancy;  and  poor  coordi- 
nation with  state  programs.  The  CEQ  report  recommends  a  program  to 
design  long-term  ecological  measurements' and  improve  resource  data 
reflecting  relationships  between  man's  impacts  and  long-term  natural 
environmental  processes. 

It  appears  that  there  is  information  on  most  of  the  arid  and 
semiarid  regions  of  the  West.  It  also  seems  that  there  is  an  urgent 
need  to  better  integrate  the  data  and  to  extend  it  uniformly  over 
wider  regions. 
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VIII.   Kesearcn  iNeeds 


Research  is  the  process  of  producing  knowledge  and  understanding. 
Without  knowledge  and  understanding,  the  arrest  and  prevention  of 
desertification  v/ould  have  little  success.  Research  must  be  cost- 
effective  and  should  provide  not  total,  but  sufficient  knowledge 
to  develop  reasonable  strategies  to  deal  with  the  problem. 

A  systematic  approach  to  a  problem-solving  situation,  then,  consists 
of:  (1)  a  definition  of  objectives,  (2)  the  specification  of  eval- 
uation criteria,  (3)  the  generation  of  alternatives,  (4)  the  eval- 
uation of  alternatives,  and  (5)  the  selection  of  alternatives  to 
be  applied  in  solving  the  problem.  In  order  to  insure  that  each 
situation  has  a  number  of  alternatives  to  choose  from,  a  good 
understanding  of  the  technical  and  scientific  aspects  is  necessary. 
Institutional  components  must  function  in  a  manner  that  promotes 
selection  of  the  best  alternative.  Proposed  solutions  should  be 
evaluated  in  terms  of  future  conditions.  Finally,  most  desertifi- 
cation-related problems  are  highly  complex  in  that  they  involve 
meeting  the  objectives  of  diverse  groups  and  not  all  objectives 
are  quantifiable  to  the  same  degree.  Ultimately,  the  final  choice 
of  any  action  to  alleviate  the  desertification  problem  must  rest 
with  the  people.  Thus,  the  decisionmaking  process  itself,  one  in 
which  people  are  involved,  needs  considerable  study. 

To  make  intelligent  decisions,  the  public  must  know  the  consequences 
of  alternative  courses  of  action.  In  addition  to  the  economic 
consequences  of  the  resource  base  use  programs,  the  non-market  costs 
and  benefits  of  environmental  protection  and  enhancement  must  also 
be  evaluated,  difficult  as  that  may  be. 

Many  unknowns  cover  many  scientific  areas  which,  once  exposed,  could 
influence  man's  capacity  to  live  in  and  use  the  arid  lands.  The 
process  of  salt  formation  in  soils,  the  process  of  evaporation  from 
land  surfaces,  and  the  storage  of  water  by  plants  are  a  few  examples, 


It  is  important  to  note  that  major  breakthroughs  are  not  neces- 
sarily required  to  make  this  type  of  research  profitable.  For 
example,  water  currently  has  a  value  of  about  $50  or  $60  per 
acre- foot  at  the  ground  surface  for  irrigation  in  West  Texas.  Since 
approximately  six  million  acres  of  land  are  irrigated,  research 
findings  that  resulted  in  an  average  saving  of  one  quarter  of  an 
inch  of  water  per  year  on  all  irrigated  land  in  the  High  Plains 
would  conserve,  each  year  thereafter,  125,000  acre-feet  of  water 
with  a  total  value  of  $6  or  $7  million.  Surely,  major  breakthroughs 
are  not  required  to  effect  water  savings  of  this  magnitude. 
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The  Importance  of  Interdisciplinary  Research 

The  whole  desertification  problem  is  composed  of  a  large  number  of 
complex,  multifaceted  problems.  These  "parts"  must  be  addressed 
for  the  purpose  of  selecting  suitable  procedures  to  deal  with  the 
total  problem.  In  the  particular  case  of  arid/semiarid  regions, 
the  basic  problem  to  be  solved  is  how  to  manage  the  resource  base 
so  as  to  avoid  desertification.  Disciplinary  research  to  help  us 
to  better  understand  the  arid  system  is  necessary,  but  the  holistic 
approach,  in  general  missing,  is  fundamentally  important  as  well. 
For  this  purpose  studies  on  the  relationships  between  the  physical 
and  the  social  systems,  and  the  organic  and  functional  interactions 
between  these  systems,  are  greatly  needed.  Feedback  mechanisms, 
ties  between  users  and  uses,  and  between  events  that  affect 
desertification,  can  be  better  understood  through  a  strong  flow 
of  communication  and  information  between  various  specialists, 
users  and  decisionmakers.  Some  of  the  areas  where  interdiscip- 
linary activities  should  focus  are: 

0  Inventories  of  natural  resources 

0  Cross-correlated  research  on  the  desertification  processes 

0  Translation  of  data  bank  systems 

0  Development  of  new  or  superior  methods  for  measuring  cost/ 

benefit  ratios 

0  Long-range  environmental  effects  of  development  of  arid  regions 

0  Demographic  studies  related  to  the  regional  carrying  capacity 

0  Monitoring  systems  and  indicators  of  desertification. 

Throughout  the  rest  of  this  section  other  areas  of  interest  will  be 
discussed. 


Scientific  and  Technological 

Some  aspects  of  engineering  and  natural  sciences  (earth,  atmos- 
pheric, climatic,  biological  sciences,  as  well  as  physics,  chemistry, 
agronomy,  hydrology,  etc.)  should  be  studied  for  their  interrelated 
impacts  on  arid  and  semi  arid  lands.  It  is  important  not  only  to 
increase  our  knowledge  of  the  scientific  aspects  of  the  resources 
concerned,  e.g.,  water,  but  also  that  of  the  technologies  that  would 
provide  better  means  for  the  development,  use  and  protection  of  that 
resource. 

Improved  irrigation  efficiency  and  conservation  practices  exemplify 
the  potential  benefits  of  research  in  desertification.  With  agri- 
culture withdrawing  some  90%  of  water  in  most  arid  regions, 
improved  irrigation  practices  and  methods  can  provide  considerable 
savings  in  both  water  and  energy. 
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For  this  example  three  broad  spheres  of  research  might  be  identified; 

(a)  Evaluation  of  the  specific  problems  and  their  scientific, 
technological,  economic  and  ecologic  importance; 

(b)  Development  of  predictive  models  for  the  behavior  of  arid 
and  semiarid  lands  under  stressed  conditions  (natural  and 
artificial ) ; 

(c)  Establishment  of  the  functional  relationships  within  arid 
and  semiarid  land  ecosystems  and  parameters  needed  to 
implement  and  operate  the  predictive  models. 

As  with  irrigated  agriculture,  other  activities  in  the  arid/semiarid 
lands  that  could  lead  to  desertification  should  be  researched  for 
improvement. 


Institutional  and  Legal 

Research  on  institutional  topics  attempts  to  identify  the  formal  and 
informal  structures  and  processes  of  government  and  society  which 
have  either  a  legal  or  common  usage  base,  and  are  generally  accepted 
as  authoritative  in  the  society.  Part  of  the  identification  process 
involves  defining  the  role  performed  by  the  institution  in  the 
overall  governmental  process. 


Legal  and  institutional  aspects  of  research  on  arid  and  semiarid 
lands  should  aim  at,  but  not  be  limited  to,  investigating  the 
institutional,  legal  and  social  organizations  that  would  permit 
efficient  resources  use.  For  example,  work  needs  to  be  done  on 
how  we  go  about  effecting  changes  in  water  use  in  arid  areas, 
while  protecting  individual  equity,  the  economy,  and  preferred  modes 
of  life  with  respect  to  energy  development,  agriculture,  and 
municipalities  and  industries.  There  is  also  a  need  for  a  better 
understanding  of  arid  lands  institutions  concerned  with  reducing 
risk  (e.g.,  cooperatives,  credit  extensions,  storage  facilities), 
allocating  scarce  resources  (e.g.,  water  rights  and  systems  of 
land  tenure),  and  curtailing  production  in  bad  years  (e.g.,  soil 
banks  and  price  support  systems).  The  operation  of  such  institutions 
can  minimize  the  probability  of  resource  degradation  and  consequent 
economic  and  social  dislocation.  Criteria  for  evaluation  of  these 
institutions  should  include  the  flexibility  of  their  response  to  the 
dynamic  nature  of  arid  environments  and  their  contribution  to  the 
preservation  of  ecosystem  function. 
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One  example  of  potential  benefits  from  such  research  is  on 
the  determination  of  the  institutional  arrangements  that  would  allow 
the  transfer  of  water  during  emergencies  to  mitigate  the  effects  of 
droughts  and  desertification,  since  technically,  such  transfers  are 
already  possible.  Water  research  needs  involving  institutional 
problems  will  provide  information  relevant  to  society's  concern 
about  this  resource.  And  improved  techniques  for  evaluating  non- 
economic  costs  and  benefits  will  allow  governmental  agencies  and 
individuals  to  make  more  rational  decisions  in  developing  and 
allocating  water  resources  when  the  quality  of  the  land  is  at  stake. 

The  following  list  of  research  topics  associated  with  institutional 
and  legal  aspects  that  could  be  applied  for  the  prevention  and  arrest 
of  desertification  exemplifies  the  need  for  and  importance  of 
research  on  these  aspects: 

°  Documentation  of  institutional  constraints  and  relative 

advantages:  Are  there  inhibitions  to  choosing  the  most  effective 
institutional  arrangement?  What  is  the  functional  relationship 
among  local,  state  and  regional  entities?  From  a  national 
perspective,  what  are  the  relative  advantages  of  policy 
uniformity  vs.  diversity? 

0  Examining  the  transferability  of  water  rights,  particularly 
their  effect  on  implementation  of  water  conservation  practices 
and  policies,  changes  in  water  use  and  location  of  use,  reuse 
and  interstate/international  issues:  The  means  or  method  to 
effect  water  rights  transfers  should  be  included. 

0  Comparative  and  evaluative  research  of  planning  at  the  local, 
state,  regional  and  national  levels  with  the  private  sector 
to  generate  an  appraisal  of  the  government/private  "mix," 
influence  and  effectiveness:  What  have  been  the  consequences 
where  land  use  planning  has  been  carried  out?  • 

0  Assurance  of  alternative  institutional  means  for  local  institu- 
tions to  take  into  account  in  their  decisions  extra-local 
resources  and  conditions.  Examples: 

(i)  There  is  a  well-established  legal  doctrine  that  local 
(land)  planning  authorities  must  take  into  account  extra- 
territorial consequences  of  their  decisions.  What  would  be 
the  consequences  of  applying  this  doctrine  to  the  institutions 
that  control  other  resources  in  arid  regions  -  stream  flow, 
weather  modification,  ground  water? 

(ii)  Veto  authority  in  the  hands  of  higher  government  institu- 
tions, e.g.,  state  agency  having  authority,  with  specific 
criteria,  to  veto  decisions  of  local  institutions. 
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(iii)  Grants-in-aid. 

0  Analysis  of  institutional  arrangements  for  regulating,  funding, 
and  protecting  areas  losing  water  in  interbasin  transfers.  Such 
institutional  arrangements  in  the  United  States  have  potential 
transferability  to  other  arid  areas  in  the  world.. 

0  Institutional  arrangements  for  maintaining  instream  flows  in 
areas  of  water  scarcity. 

0  Identification  of  institutional  arrangements  that  effectuate 
changes  in  use  of  water  in  arid  areas  while,  simultaneously 
protecting  individual  equity,  the  economy  and  preferred  modes 
of  life;  especially  with  respect  to:  (a)  energy  development; 
(b)  agriculture;  (c)  municipalities  and  industries. 

°  Investigation  and  identification  of  Indian  water  and  other 
resources  rights  and  assessment  of  institutional  ways  for 
protecting  both  Indians  and  other  users. 

°  Inquiry  into  the  institutional  arrangements  for  implementing 
Indian  tribal  control  within  the  framework  of  existing  agencies 
in  matters  of  environment  and  energy. 

°  Cross-national  and  interstate  study  of  institutional  approaches 
to  water  scarcity. 

°  Assessment  of  the  extent  to  which  state  power  in  land  and 
water  regulation  is  inhibited  by  the  major  federal  presence  in 
arid  lands. 

0  Appraisal  of  institutional  methods  for  effective  coordination 
between  resource  planning  and  land  use  planning,  in  the  context 
of  arid  conditions  and  in  contrast  to  humid  conditions. 

0  Review  of  institutional  methods  for  effective  coordination  among 
national,  state,  and  local  resource  management  agencies. 

0  Identification  of  institutional  barriers  to  land  treatment 
methods  for  water  quality  control  in  arid  areas. 

0  Assessment  of  existing  and  alternative  interstate  compacts  and 
regional  organizations. 

0  Examination  of  the  applicability  of  interstate  compact  institu- 
tional arrangements  for  resolving  international  water  problems. 

0  Evaluation  of  institutional  arrangements  for  resources  conser- 
vation on  both  a  short-  and  a  long-term  basis. 
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^     Research  of  institutional   methods  of  minimizing  damage  from 
flash  floods. 

0     Study  of  institutional   arrangements   for  facilitating  effective 
regional   planning,  both  interstate  and  intrastate. 

°     Analysis  of  the  effectiveness  of  present  institutional   arrange- 
ments  for  protecting  long-term  public  interests   in  arid  areas, 
rather  than  protecting  short-term  private  interests. 

°     Assessment  of  the  most  effective  scope  of  resource  management 
institutions   (local,  state  and  national)   in  dealing  with 
problems  in  arid  areas. 


Socio-Behavioral 


The  behavioral    research  related  to  the  desertification  problem  places 
primary  emphasis  on  the  perceptions,  attitudes,  values  and  beliefs 
of  individuals  or  groups;  and  effects  of  these  factors  on  govern- 
mental  operations.      For  instance,  the  attitudes,  values  and  beliefs 
of  people  might  be  studied  to  determine  the  basis   for  various  voting 
patterns,  or  to  understand  the  operation  of  a  large  organization. 

Research  related  to  social-behavioral   aspects  should  include,  but  not 
be  limited  to: 

0     Investigating  public,  private  and  combined  (public/private) 
management  schemes  to  determine  more  effective  incentives   for 
appropriate  good  management  of  natural    resources/environment. 

0     Investigating  incentives  which  create  self-regulation,  rather 
than  government  regulation,  of  water  and  other  resources  for 
more  efficient  use. 

°     Examining  the  roles  that  legislative,  bureaucratic,  and 

judicial   decisionmakers  play  or  could  play  in  overall    resource 
allocation  decisions. 


4 


0  Analyzing  individual  and  group  perception  of  arid/semiarid 
lands  resource  problems,  the  relation  of  these  perceptions  to 
the  manner  in  which  programs  are  being  conducted,  and  the 
assessment  of  how  people  evaluate  the  potential  return  on  j 

and  vulnerability  of  their  investments  as  well  as  how  they  1 

perceive  their  options. 

In  discussing  the  social  and  behavioral  aspects  of  research  on 
desertification,  one  should  include: 
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0     Attitudes,  values  and  beliefs  of  individuals  vs.   the  surrounding 
environment 

0     Incentives  for  self-control 

0     Public  participation  in  decisionmaking 

0     Effects  of  the  operation  of  governments   (especially  because  of 
land  tract  ownership) 

0     Group  participation  and  education 

0     Competing  uses  of  adjacent  lands. 

In  particular,  the  following  list  of  11   research  topics  associated 
with  social-behavioral   aspects   (Caulfield,  1978)  should  further 
articulate  the  necessity  and  importance  of  this  facet  of  arid  and 
semi  arid  land  research: 

0     Assessment  of  the  extent  to  which  public  participation  can/should 
be  incorporated  into  resource  allocation  decisions 

0     Assessment  of  the  nature  and  content  of  social   and  political 
conflicts  between  urban  and  rural   interests  in  arid  areas 

0     Investigation  of  the  social   and  political   consequences  of 

changes,  due  to  desertification,  in  dominant  economic  activities 
in  arid  regions,  e.g.,  from  mining  and  agriculture  to  manufac- 
turing and  tourism 

0     Analysis  of  the  impact  of  regionalism  in  national   policy  issues 
debates,  i.e.,  "Sunbelt"  vs.   "Frostbelt,"  energy-producing 
states  vs.   energy-consuming  ones,  etc. 

0     Investigation  of  incentive  systems  for  resources  conservation 
measures 

°     Assessment  of  the  extent  to  which  policies  and  values  contribute 
to  desertification  of  arid  lands 

0     Assessment  of  behavioral  effects,  of  large-scale  vs.   small-scale 
technological   responses  to  aridity  and  desertification 

0     Investigations  of  methods  to  effect  short-  and  long-term  changes 
in  attitudes  and  values  relevant  to  drought,  aridity,  and 
desertification 

0     Examination  of  impacts  of  special   growth  patterns  in  arid  and 
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semi  arid  climates,  i.e.,  retired  persons,  fixed  income  groups, 
and  energy  development  projects. 


Sharing  of  Research  Results 

A  distinct   benefit  of  research  results  is  the  improvement  of  policy 
planning  and  management  decisions  at  all  levels  of  government  and  for 
all  sectors  of  the  economy.  This  particular  goal  cannot  even  be 
approached,  however,  if:  (a)  decisionmakers  are  not  mindful  of  the 
research,  or  (b)  the  process  of  translating  research  results  into 
policy  decisions  is  either  omitted  or  neglected. 

then. 

The  central  question/is  thus  how  to  promote,  foster  and  facilitate 
this  translation  of  invaluable  research  results  into  policy 
decisions.  One  obvious  group  that  cannot  and  should  not  be  excluded 
from  the  translation  process  is  the  decisionmakers  themselves.  The  term 
"decisionmakers"  is  used  here  in  its  generic  sense  to  connote  people 
at  all  levels  of  government  and  in  all  sectors  of  the  economy.  More 
research  is  needed  in  this  context.  It  is  worth  emphasizing  that 
research's  role  is  to  generate  knowledge,  not  make  policy  per  se. 

Terms  such  as  technology  transfer,  research  development,  and  others 
are  often  used  to  express  the  need  and  desire  of  such  a  translation 
of  research  results  into  usable  processed  information  readily  avail- 
able to  decisionmakers.  The  documenting  and  translating  of  research 
results  into  layman's  language,  and  the  packaging  and  displaying  of 
these  results  for  their  ultimate  use  by  decisionmakers  are  both  an 
art  and  science  that  must  be  further  researched,  studies,  and 
improved  upon. 

Improvement  in  predictability  of  the  transfer  of  technology  is 
needed  to  bring  about  more  effective  use  of  technology,  particularly 
among  non-professionals.  Obviously,  some  kind  of  training  is 
necessary  for  nearly  any  kind  of  technology  transfer. 


Predicting  and  Forecasting 

After  designing  disciplinary  and  interdisciplinary  research  programs 
where  scientific  and  technical  aspects  of  desertification  and  its 
prevention  and  control  are  examined,  we  may  find  these  activities 
necessary  but  by  no  means  sufficient. 

Taking  into  account  that  arid  and  semiarid  lands  are  especially 
susceptible  to  hydrological  ,  climatic,  productive  and  other 
extremes,  the  functioning  of  these  regions  necessitates  research  on 
prediction  and  forecasting  activities  as  well.  These  research 
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aspects  should  include  improvement  on  predicting  future  climatic  and 
atmospheric  changes;  predicting  and  forecasting  weather  information; 
understanding  extreme  events  such  as  droughts,  floods,  heat  waves, 
etc,  by  applying  probabilistic  and  statistical  procedures;  devel- 
oping water  and  vegetation  resource  forecasting  methodologies  to  include 
population  dynamics  and  all  factors  affecting  the  supply  and  demand  of 
waters  and  vegetation;  and  predicting  economic  and  financial  impacts  and 
changes.  Forecasts  and  predictions  should  thus  be  structured  into  short- 
term  problem-solving,  and  long-term  research  needs  (on  the  order  of  50  years 
ahead). 

Policy  Decisionmaking 

The  central  theme  of  policy  analysis  is  the  investigation  of  govern- 
mental decisionmaking.  As  such,  it  seeks  to  identify  the  process  by 
which  public  issues  are  recognized  and  the  ways  in  which  solutions 
are  both  devised  and  implemented.  Decision  analysis  can  be  concerned 
with  evaluation  of  implementation  and  the  feedback  of  such  evaluation 
into  the  decisionmaking  continuum.  Although  it  is  a  generalized 
approach,  policy  analysis  is  usually  conducted  in  a  limited  area  of 
interrelated  problems  and  solutions,  i.e.,  natural  resource/environ- 
mental policy,  forest  policy,  etc. 

Research  related  to  policy  decisionmaking  aspects  related  to  the 
desertification  problem  should  include,  but  not  be  limited  to: 

advantages  and  disadvantages  and,  if  possible,  the 
0  Investigating  the/political  feasibility  of  discouraging  population 
migration  to  arid  and  semiarid  regions;  that  is,  curbing  the  long- 
term  trend  of  population  movement  from  the  "Frostbelt"  to  the 
"Sunbelt" 

0  Developing  more  acute  methods  to  identify,  measure,  quantify, 
and  evaluate  all  commensurable  and  noncommensurable  benefits 
and  costs,  including  risk,  in  a  multi objective  framework 

0  Assessing  the  effects  of,  and  possible  changes  in,  national  environ- 
mental policies  in  arid  and  semiarid  regions  against  a  framework 
of  environmental  protection  and  arid  economy  maintenance. 

Improved  techniques  for  quantifying  and  evaluating  non-economic 
costs  and  benefits  will  allow  local,  state,  and  federal  governmental 
agencies  and  individuals  to  make  more  rational  decisions  in  devel- 
oping and  allocating  resources  so  as  to  prevent  deterioration. 
Furthermore,  an  overall  systems  approach  to  the  resource  base 
management  problems,  with  a  thorough  consideration  of  economic, 
environmental,  quality,  esthetic,  quality  of  life,  social  well- 
being,  and  legal  viewpoints  will  allow  an  informed  public  to  better 
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identify  and  select  both  optimal   alternatives  and  consequences. 

The  following  list  of  research  topics  associating  institutional   and 
legal   aspects  with  decisionmaking,  typifies  the  need  for  and  signif- 
icance of  research  on  these  aspects: 

°     Involve  decisionmakers  in  research  on  policy  decisionmaking. 
Mechanisms  should  be  developed  for  presenting  and  packaging 
the  various  research  results  on  policy  decisionmaking  aspects 
in  a  form  usable  and  understandable  by  decisionmakers. 

^     Explore  decisionmaking  techniques   for  displaying,  identifying, 
measuring,  evaluating  and  integrating  socio-envionmental    (non- 
market  values)  and  the  economic  objectives.     In  other  words, 
social-environmental   and  economic  objectives  should  be  equally 
analyzed. 

0     Examine  the  distributional   effects  of  certain  policies  related 
to  soil   and  water  conservation. 

0     Launch  investigations  that  include  the  nontraditional   scenario 
game-playing,  such  as 

-  regulating  irrigated  agriculture; 

-  assessing  the  effects  of  enforcing  160-acre  limitation  on 
irrigated  acreage  for  federal  reclamation  projects; 

-  limiting  or  stopping  agricultural  subsidies; 

-  determining  social  resiliency  and/or  irreversibility  of 
actions. 

0  Identify  and  evaluate  types  of  federal  and  state  policies 
which  have  been  modified  in  response  to  arid  conditions 
(e.g..  The  Homestead  Act  was  modified  in  its  application  to  the 
West  by  the  Desert  Land  Act). 

0  Identify  governmental  policies  unique  to  dry  lands  and  evaluate 
their  applicability  for  humid  regions  which  have,  "or  may  have, 
problems  of  scarcity.  There  is  already  a  tendency  for  Western 
water  law  concepts  to  move  east. 

0  Assess  the  extent  to  which  there  is  a  need  for,  and  existence  of, 
an  arid  region  urbanization  policy, 

0  Examine  the  legal  and  political  implications  of  a  large-scale 
weather  modification  policy, 

0  Identify  land  types  and  land  use  patterns  in  arid  and  semiarid 
regions  in  order  to  establish  the  parameters  for  alternative  land- 
use  policies  in  the  desertification-prone  areas. 

0  Assess  ground  water  policies,  the  extent  of  depletion,  and  its 
impact  on  the  quality  of  drylands. 
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Assess  the  political,  legal,  and  technological  feasibility  of  water 
reuse  policies. 

Assess  the  efficiency  of  drought  insurance  as  an  alternative  to 
investing  in  drought-proofing  facilities  (such  as  water  storage 
reservoirs). 


Public  Need  to  Know 

The  sharing  of  research  results  includes  not  only  consideration  of 
technical  and  administrative  communication  but  also  the  need  for  the 
public  at  large  to  have  access  to  the  information  readily  and  in 
understandable  terms.  Alternative  courses  of  action  made  possible  by 
research  efforts  require  a  broad  appreciation  of  environmental,  economic 
and  other  impacts  affecting  a  wide  population.  The  decision  process  can 
only  intelligently  involve  a  wider  segment  of  the  public  if  constant 
attention  is  paid  to  the  need  for  reporting  results  at  different  levels 
and  languages,  and  by  purposefully  involving  all  communities  of  interest 
in  the  exchanges  which  lead  to  consensus. 

Directions  for  Future  Research  (Basic  and  Applied) 

Previously  this  section  has  described  some  aspects  of  the  discip- 
linary and  interdisciplinary  research  related  to  the  desertifi- 
cation problem  which  should  be  undertaken.  One  question  often 
asked  is:  Are  we  referring  to  basic  or  applied  research?  The 
distinction  between  basic  and  applied  research  is  rather  indefinite, 
and  what  may  be  basic  research  to  one  group  may  be  considered 
applied  by  another.  In  the  following,  this  distinction  will  not  be 
made;  and  in  general  the  basic  and  applied  research  described  is 
considered  necessary  so  as  to: 

0  Achieve  a  better  understanding  of  the  impact  of  human  activities 
on  the  structure  and  dynamics  of  arid  semiarid  biomes,  activities 
that  may  result  in  desertification; 

0  Help  solve  the  scientific,  technological  and  managerial  problems 
raised  by  the  development  and  usage  of  the  natural  resources  in 
the  arid  regions  when  the  desertification  hazard  is  present; 

0  Help  in  formulating  natural  resources  policies  that  assess  the 
special  needs  of  the  arid  areas  and  that  take  into  consideration 
the  desertification; 

°  Facilitate  the  implementation  of  these  policies  by  helping  to 
attain  specific  objectives  and  keeping  alternative  options  open. 
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It  must  be  realized  that  science  and  technology  have  few  ready-made, 
short-term  solutions  to  offer. 


Climate 
Climate  and  Weather  Variability  Prediction 

Latitudinal  and  longitudinal  shifts  in  the  air  flow  patterns  of  the 
Southwest  can  have  profound  effects  on  the  climate.  Such  shifts 
are  evidenced  by  drought  when,  for  example,  winter  storms  are 
diverted  northward  for  extended  periods  of  time.  Although  these 
synoptic  patterns  have  been  observed  for  many  years,  their  mech- 
anisms are  not  well  understood.  Research  is  needed  in  the  following 
areas: 

0  Integration  of  atmospheric  experiments  to  include  the  heating 
function,  microscale,  mesoscale  processes,  and  the  effect  of 
vegetation. 

0  Determination  of  the  "resiliency"  or  ability  of  water  resources 
systems  to  cope  with  adverse  climatic  conditions.  For  example, 
interactive  research  is  needed  among  climatological  forecasters, 
plant  biologists,  and  crop  specialists  for  the  establishment  of 
production  functions  of  plants  as  well  as  for  estimating  possible 
large-scale  consequences  of  droughts  and  desertification. 

0  Research  on  deterministic  physics-based  climatologic  modeling, 
and  on  climatic  change.  Such  research  may  eventually  lead  to 
reliable  climatic  forecasts. 

0  Research  should  continue  in  an  effort  to  gain  basic  understanding 
of  man's  potential  impact  on  climate  (e.g.,  the  long-term  effects 
of  increased  amounts  of  carbon  dioxide  in  the  atmosphere). 

0  The  climatic  trends  and  variations  in  ASAL,  taking  into  account 
the  micro-,  meso-,  and  macro-scale  processes. 

The  following  questions  need  to  be  answered.   Are  there    desert- 
ification trends?  Complexities  arise  when  one  attempts  to  assess 
the  trend,  i.e.,  is  the  Southwestern  desert  growing  or  becoming 
smaller?  A  review  of  Southwestern  history  indicates  that  vegetation 
was  much  more  dense  100  years  ago  than  it  is  today.  Reduction  of 
vegetation  density  should  change  the  albedo  of  the  area  and, 
subsequently,  the  climate,  but  has  this  occurred?  If  so,  is  the 
trend  continuing? 

The  air  quality  in  the  large  urbanized  portions  of  the  Southwest 
has  markedly  deteriorated  in  the  past  50  years.  The  rapid  increase 
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in  population  in  these  areas,  in  general,  has  further  exacerbated 
this  problem.  The  influence  of  air  quality  on  the  climate  could 
range  from  trivial  to  significant  and  could  be  manifested,  for 
example,  in  changes  in  precipitation  (positive  or  negative)  due  to 
the  effects  of  air  pollutants  on  weather  systems,  and  changes  in  the 
radiation  balance  which  could  also  affect  precipitation  and  temper- 
ature. 

Other  important  topics  are  wind  erosion  and  dust  storm  causation 
and  influences.  Examples  of  questions  to  be  addressed  are:  What 
are  the  trajectories  and  extents  of  dust  storms?  What  are  the 
main  anthropogenic  factors  causing  them?  What  is  the  effect  of 
suspended  dust  on  precipitation? 

For  planning  purposes,  knowledge  of  the  probability  of  extreme 
weather  events  (floods,  droughts)  is  also  required.  In  some  cases 
where  data  are  limited,  simulation  techniques  for  generating 
synthetic  time  series  are  invaluable.  With  the  inclusion  of  the 
response  functions  and  the  economic  factors,  the  simulated  time 
series  can  be  evaluated  in  a  decisionmaking  framework. 


Drought 

The  occurrence  of  major  agricultural  droughts  in  the  past  has  in 
effect  spurred  on  changes  or  adaptations  in  agriculture,  and  has 
promoted  conscious  efforts  to  raise  the  level  of  drought  adjustment 
so  that  the  next  drought  would  have  less  impact.  At  each  of  the 
three  last  drought  occurrences--the  1930s  Dust  Bowl,  the  1950s 
and  1970s  droughts--there  was  a  flurry  of  activity  and  concern. 
Each  brought  a  new  or  additional  emphasis  in  adjustments.  Each 
generated  new  research  directions. 

It  has  been  agreed  that  some  of  the  tools  aiding  drought  research 
and  drought  mitigation  that  require  further  development  include 
long  range  weather  forecasting,  remote  sensing  of  land  and  water 
conditions,  modeling  interactions  associated  with  plant  growth, 
solar  and  wind  energy  development  and  studies  of  possible 
scenarios  for  future  Great  Plains  and  Western  droughts.  Even  the 
well  accepted  and  well  proven  physical  tactics  of  drought  ameliora- 
tion may  need  a  careful  reassessment  ,in  view  of  the  rapidly 
changing  economics  and  politics  of  energy  supply. 

New  scientific  and  technological  tools  should  also  be  developed 
that  will  ultimately  aid  in  drought  mitigation  strategies.  These 
include: 

0  Improved  weather  and  climate  prediction  on  the  time-scale  of 
months  and  seasons; 
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0  Improved  assessments  of  land  and  crop  conditions, 

to  provide  early  warning  of  drought 
incidence  and  surveillance  of  drought  severity; 

0  Integrative  models  of  the  interactions  in  soil,  crop,  weather, 
water  supply,  economics  and  other  variables  so  that  the  potential 
impacts  of  drought  (and  other  climatic  stresses)  may  be  screened 
as  a  planning  aid. 

°  Scenarios  of  future  droughts  considering  timing,  duration, 

severity  and  extent  of  drought  as  a  further  guide  in  the  design 
of  research  programs. 

Some  recommended  research  topics  on  agricultural  droughts  concern 
irrigation  and  water  supplv  conservation.   Full  effective  use  of 
irrigation  is  encumbered  by  water  losses  from  evaporation  and  trans- 
piration and  by  inefficient  on-farm  application.  Several  lines  of 
research  would  improve  the  situation,  such  as: 

0  Better  methods  of  estimating  future  water  demands; 

0  Less  expensive  means  of  lining  existing  canals  and  ditches  to 
reduce  seepage  loss; 

0  Increased  effectiveness  and  reduced  cost  of  retardation  of 
evaporation  by  such  techniques  as  monomolecular  films; 

°  Various  alternatives,  and  the  full  environmental  effects,  of 
reducing  transpiration  losses  from  phreatophytes  by  chemical 
control ; 

°  Increased  water  user  efficiency; 

0  Crop-yield  water  requirement  relationships; 

°  More  efficient  water  application  systems; 

0  Additional  research  on  managerial  models  of  water  use;  and 

0  Clearer  definition  of  the  nature  of  deficiencies  in  water  laws 
and  institutions,  and  a  development  of  alternative  models  of 
water  supply  management  to  overcome  these  deficiencies. 

The  recommended  research  topics  that  follow  convey  a  broad  perspective 
which  could  lead  to  flexible  modes  of  adjustment  to  urban  drought 
problems.  Much  of  the  research  for  agricultural  droughts  is  of 
direct  benefit  for  urban  droughts  also,  particularly  water  supply 
protection,  weather  modification,  land  use  regulation,  and 


-202- 


VUI.  lif^ 


prediction  and  forecast  research.  Some  research  activities  specific 
to  urban  droughts  are: 

°  Desalination  and  water  recycling  technology 

0  Improving  conventional  water  supply  systems 

°  Altering  water  demand 

0  Reuse  of  water 

0  Social  problems  of  water  reuse. 

Soil 


Soil  Salinization 

Soil  salinity  is  a  predominant  characteristic  of  arid  and  semiarid 
lands.  Although  considerable  work  has  been  done  on  soil  salinity, 
and  the  technology  is  generally  well  understood,  more  research  is 
needed  in  selected  areas.  One  major  research  issue  is  how  to  encourage 
acceptance  of  practices  to  avoid  salinity. 

The  following  selective  research  needs  to  be  explored; 

°  Proper  management  of  both  cultivated  lands  and  wildland  watersheds; 

0  The  effect  of  agricultural  runoff  on  receiving  waters; 

0  Gradual  salinization  of  soils,  disposal  of  salts,  and  soil 
rehabilitation; 

0  Efficient  and  economic  irrigation  management  strategies  to  reduce 
the  detrimental  effect  of  saline  irrigation  return  flow  from 
agricultural  lands. 

0  Effects  of  soil  salinity  on  microbial  mediated  nutrient  trans- 
formations such  as  nitrogen  and  sulfur  cycling. 


Reduction  of  Erosion 

Research  in  soil  erosion  should  be  tied  directly  with  the  soil  potential 
concept  of  land  use  planning,  and  include  climatic  conditions  as  well. 
The  soil  potential  rating  (McCormack,  1974)  is  the  ability  of  a  soil, 
aided  by  modern  technology,  to  produce  or  support  a  given  structure 
or  activity. 

More  information  is  needed  on  erosion  control  such  as: 

0  Land  surface  condition 
0  Wind  barrier  vegetation 
0  Chemical  soil  surface  stabilization 

0  The  mechanism  by  which  soil  particles  move  out  of  the  normal  soil 
structure  into  rills  and  then  into  gullies. 

Research  is  needed  on  the  reclamation  of  swamplands  in  and  around 
semiarid  lands. 
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Land  Reclamation  and  Soil  Loss  Equation 

In  reclaiming  and  rehabilitating  land  in  arid/semiarid  regions,  some 
specific  problems  are  present  that  could  lead  to  desertification. 
Some  of  the  factors  that  should  be  considered  in  designing  soil- 
related  research  are: 

1.  Soil  water  (drainage)  -  water  movement  through  and  over  the  soil 
including  infiltration,  permeability,  water  holding  capacity  and 
their  relation  to  storm  drainage,  plant  growth  and  sewage  disposal. 

2.  Soil  slope  -  measured  by  degree  of  slope  and  shape. 

3.  Soil  erosion  -  the  present  condition  during  overland  flow  and 
susceptibility  to  future  erosion. 

4.  Soil  depth  -  depth  to  bedrock  and  other  material  difficult  to 
excavate. 

5.  Soil  stability  -  engineering  properties  that  determine  suitability 
for  subgrades,  sanitary  landfills,  etc.  Shrink-swell  characteristics 
and  presumptive  bearing  values  which  affect  foundations  are  also 
included. 

6.  Soil  wetness  -  usually  expressed  as  depth  to  water  table,  stream 
overflow  and  collection  of  surface  runoff. 

7.  Soil  permeability  -  capacity  for  movement  of  water  through  the  soil 
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Refinement  of  the  soil  potential  concept  of  land  use  planning  to 
include  climatic  considerations  with  reference  to  semiarid  mountain 
terrain  is  also  recommended.  This  rating  in  general  integrates  the 
yield  or  performance  level  and  the  difficulty  of  applying  treatments 
to  overcome  or  minimize  the  effect  of  soil  limitations. 

At  present  no  widely  supported  methods  exist  for  measuring  soil  loss  from 
arid  and  semiarid  lands.  The  Universal  Soil  Loss  Equation  (USLE) 
has  been  used  but  its  derivation  for  small  farm  watersheds  makes  it 
suspect   when  applied  to  semiarid  mountain  terrain  and  its 
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mesoclimate.  Improvement  of  the  USLE  would  require  research  on  the 
rainfall  factor  (.R),  the  slope-length  factor  (.SL)  and  the  erosion 
factor  (K). 

The  mesoclimate  and  soil  factors  should  be  studied  jointly  in  terms 
of  soil  erosion  and  stream  sedimentation  which  is  a  major  water 
pollutant.  Research  sites  should  include  wildland  watersheds, 
lands  after  timber  cutting,  oil  shale  spoils  and  strip  mine  over- 
burden. 


Water 

The  allocation  of  a  scarce  resource,  water,  is  viewed  by  scientists 
as  the  center  of  practically  all  the  issues  generated  by  competing 
demands  and  demographic  changes  in  the  dry  areas.  Nevertheless, 
increased  understanding  of  nature's  hydrologic  systems  is  necessary 
for  successful  resolution  of  some  of  these  problems  and  avoidance 
of  others,  specially  where  desertification  may  occur  or  is  present. 

While  the  major  emphasis  of  research  in  water  resources  management 
has  in  the  past  been  directed  toward  methods  for  increasing  water 
supply,  such  as  desalinization  and  weather  modification,  this 
approach  should  be  modified.  Emphasis  will  have  to  be  shifted 
towards  the  conservation  and  protection  of  water  resources, 
specially  in  water-short  areas. 

Some  general  research  objectives  presented  in  this  section  are  to: 

°  Develop  methods  to  increase  irrigation  efficiency. 

0  Conduct  studies  on  hydraulic  properties  of  aquifers  -  Natural 
recharge  -  Infiltration  -  Contamination  problems. 

0  Develop  hydrological  simulation  models  capable  of  integrating 
surface  and  ground  water  quantity  and  quality  characteristics. 

0  Conduct  studies  on  augmentation  of  water  supplies  through 
water  reuse,  salvage  of  diffuse  and  emphemeral  desert  basin 
runoffs,  water  importation — problems  and  impacts. 

°  Develop  methods  for  calculating  minimal  water/energy  budgets 
for  agriculture  and  other  land  uses  that  permit  optimal  use  of 
resource  base  and  avoid  the  hazard  of  desertification. 


0 


0 


Conduct  long-term  studies  to  determine  the  impact  of  lesser 

quantities  of  water  on  the  soil  and  the  timing  of  water  for  each  plant  species, 

Develop  methods  to  control   and  utilize  tailwater  more  effectively. 
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Ground  Water 

Severe  quantity  and  quality  problems  are  facing  ground  water  systems 
throughout  the  country,  as  ground  water  resources  are  contaminated 
and  wells  are  closed  or  depleted.  It  is  noteworthy  that  ground  water 
is  a  major  source  of  water  supply  in  the  Western  and  Great  Plains 
States.  There  is  inadequate  technical  and  related  data  about  ground 
water  resources--information  needed  to  make  sound  decisions  about 
regulations  and  management.  Much  work  needs  to  be  done  to  fully 
understand  the  physical  and  chemical  processes  involved  in  the  changes 
of  water  quality  occurring  within  the  aquifer. 

Studies  are  needed  on  water  mining;  artificial  recharge  programs; 
well  and  playa  lake  management  and  modification;  potential  for 
pesticide  and  fertilizer  contamination  of  aquifers;  assessment  of 
diverse  irrigation  and  cultural  practices. 

Research  is  needed  on  natural  and  induced  recovery  of  a  contaminated 
aquifer;  waterlogging  of  soils  and  its  effect  on  salinization  of 
ground  water;  impact  on  aquifers  of  underground  storage  of  liquid 
wastes  and  excess  surface  runoff;  recharge  of  treated  municipal 
wastes  into  shallow  and  deep  aquifers,  and  pressure  buildup 
consequences. 

Other  areas  needing  research  are:  ground  water  conservation  and 
reuse  practices,  their  social  and  economic  effects;  demand  control 
methods  for  diverse  uses;  management  alternatives  assuming  ground 
water  as  a  non-renewable  resource;  equity  in  multiple  use  of  scarce 
ground  water  and  total  water  resources. 

Research  should  also  explore  the  augmentation  of  ground  water 
supplies  through  salvage  of  diffuse  and  ephemeral  desert  basin 
runoff.  The  use  of  such  artificial  means  would  minimize  diffuse 
system  losses,  maximize  use  of  aquifer  storage  capacity,  and 
extend  the  developable  ground  water  supply. 

Studies  are  needed  on  the  feasibility  for  enhancement  of  ground 
water  recharge  in  desert  valleys  through  artificial  means  to 
minimize  diffuse  system  losses,  maximize  use  of  ground  water 
reservoir  storage  capacity  and  extend  the  developable  ground  water 
supply. 


Water  Supply  and  Demand 

The  discussion  in  this  section  includes  water  quantity  and  quality 
considerations. 
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Conservation:  It  has  been  suggested  that  negative  incentives 
constitute  the  greatest  deterrent  to  effective  water  conservation. 
These  negative  incentives  are,  for  the  most  part,  legal  or  institu- 
tional. Research  is  needed  to  determine  the  extent  to  which  these 
negative  incentives  are  valid,  and  to  suggest  mitigating  alternatives. 
Presently,  the  only  method  used  to  regulate  the  amount  of  ground 
water  pumped  on  the  Texas  High  Plains,  for  example,  is  well  spacing. 
Legal  and  institutional  research  can  provide  alternatives  which  may 
better  suit  the  interests  of  High  Plains  residents.  For  example, 
subsidization  practices  should  be  examined. 

Another  suggested  research  topic  is  to  investigate  the  institutional, 
legal  and  social  organizations  which  would  promote  efficient  water 
use  -  including  the  emergency  transfer  of  any  and  all  water  supplies 
within  basins  or  projects.  Research  needs  associated  with  water 
importation  include  inventories  of  the  water  needs  of  areas  of 
origin  and  use,  multiobjective  analyses,  environmental  impact 
assessments,  artificial  recharge  investigations,  energy  impact 
studies,  and  institutional  framework  analyses. 

The  social -behavioral  aspects  of  demand  management  need  to  be 
studied.  What  are  the  incentives  for  demand  management?  What  are 
the  cumulative  effects  of  pricing,  land  use  managment,  legal  changes, 
institutional  changes,  conservation  and  the  increased  use  of  re- 
claimed waste  water  on  the  long-term  demand  for  water? 

Some  of  the  conservation-related  research  topics  are: 

(a)  Case  studies  of  demand  management  by  pricing,  metering, 
education,  regulation,  etc. 

(b)  The  new  phenomenon  of  limiting  growth  (urban  or  agricultural) 
according  to  the  criterion  of  water  availability. 

(c)  The  way  in  which  various  states  look  at  evaluating  demand 
within  existing  laws. 

(d)  Variability  of  water  availability,  and  the  likelihood  of 
immediate  institutional  response  to  changes. 

(e)  Case  studies  of  the  recent  drought  in  the  American  Southwest 
in  terms  of  what  worked  and  what  did  not. 

(f)  Possibility  of  extensive  use  of  anti-transpirants  for  plants. 

(g)  Possibility  of  genetically  improved  varieties  of  arid  and  semiarid 
plants. 
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Demand  Growth:     Arid  regions  are  becoming  more  crowded,  natural 
resources  more  intensively  used,  and  budgetary  funds  less  available. 
More  substantive  information  regarding  the  relationship  between 
population  dynamics  and  available  water  resources  would  permit  more 
intelligent  decision-making  regarding  optimal   population  size  for  a 
given  area. 

The  social-behavioral   aspects  of  the  net  migrations  to  arid  and 
semiarid  lands  require  study.     What  are  the  incentives  for  and 
barriers  to  this  movement   (e.g.,  employment,  retirement)?     Are 
there  current  governmental   programs  which,  in  a  de  facto     sense, 
encourage  such  migration   (e.g.,  defense  spending,  energy  develop- 
ment)?    Can  these  migrations  be  stopped  by  communities  which  limit 
their  populations? 

Water  resource  forecasting  methodologies  should  be  improved  to 
include  population  dynamics,  and  all    factors  affecting  water 
demand  and  supply. 


Water  Reuse 

Water  reuse  can  be  an  effective  method  for  meeting  some  of  the 
increased  demand  on  limited  fresh  water  supplies.  In  arid  and 
semiarid  parts  of  the  country,  in  fact,  the  clear  need  simply  to 
reclaim  and  reuse  water  once  is  being  surpassed  rapidly  by  the 
necessity  to  subject  water  to  multiple  reuse.  While  technological 
advancements  necessary  to  reuse  water  effectively  have  been  made  in 
recent  years,  deficiencies  still  exist.  Most  technological 
innovations  have  been  concerned  with  the  reuse  of  wastewaters  for 
industrial  purposes,  with  little  regard  to  agricultural  reuse. 
Agricultural  reuse  systems  should  be  a  topic  of  intensified 
research  and  investigation.  Economic  analyses  should  be  undertaken 
to  determine  potential  savings  through  reuse  in  terms  of  short-  and 
long-range  benefits,  as  well  as  savings  in  treatment  costs  and 
benefits  from  nutrients  contained  in  wastewater. 

Probably  the  greatest  deterrent  to  water  reuse  that  exists  today 
is  the  question  of  risk  associated  with  health  effects.  In  addition, 
because  of  quality  deterioration,  water  cannot  be  reused  indefinitely 
in  a  closed  cycle.   Methods  to  treat- or  dispose  of  water  no  longer 
reusable  must  be  found.  Such  methods  must  be  environmentally  sound 
and  economically  feasible.  Of  particular  importance  to  studies 
involving  agricultural  reuse  is  the  quality  of  the  water  to  be 
reused.  For  example,  it  is  important  to  know  the  effect  that 
certain  contaminants,  especially  organic  chemicals,  will  have  on 
crop  productivity  and  soil  quality.  Specifically,  the  fate  of 
potentially  harmful  organic  chemicals  needs  to  be  documented. 
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Flora  and  Fauna 

Stressed  Ecosystems  Studies 

Desertification,  drought,  flash  floods,  and  dust  storms  are  some  of 
the  stresses  on  arid/semiarid  areas.  Not  much  is  known  about  the 
biota  responses  to  stresses,  nor  the  rate  of  recovery  from  a  single 
event  and/or  combination  of  events.  Also,  an  increased  effort  must 
be  made  to  define  the  basic  functional  responses  of  crops,  plants,  and 
animals  to  weather  and  climate  so  that  we  can  improve  our  present 
systems  of  crop,  range,  and  livestock  management.  It  Is  Important  as  well 
to  better  understand  the  impacts  of  diverse  land  uses,  e.g.,  dry 
farming,  grazing,  mining,  urbanization,  etc.,  on  the  arid-semiarid 
biomes,  and  how  desertification  may  result  from  these  impacts. 

Acid  Rain 

This  is  a  special  stress  on  the  arid  ecosystems,  that  is  increasing 
in  importance,  and  should  be  considered.  Acid  rain,  in  any  of  its 
many  compositions  or  forms,  causes  deterioration  of  vegetative 
cover,  and  in  this  fashion  may  initiate  and/or  contribute  to 
desertification. 

It  should  be  emphasized  that  "acid  rain"  is  simply  shortened 
terminology  to  identify  the  pollutants,  both  soluble  and  insoluble, 
deposited  from  the  atmosphere.  That  term  has  been  used  because 
the  most  obvious  deleterious  effects  in  the  eastern  United  States 
have  been  attributed  to  the  H+  ion  in  precipitation.  Other  effects, 
at  least  as  serious,  may  be  due  to  mercury,  cadmium,  fluoride,  lead 
and  various  organics. 

Increased  acidity  in  rain  has  been  observed  in  localized  areas  in 
the  Midwest  and  along  the  West  Coast,  and  the  potential  exists  for 
acids  and  other  pollutants  in  Colorado,  Wyoming,  and  other  nearby 
states  from  full  development  of  fossil  fuels.  The  President  of 
the  U.S.  addressed  the  problem  in  a  statement  of  August  1979, 
asking  for  a  10-year  program  of  research  on  the  cause  and  con- 
sequences of  acid  precipitation.  An  interdepartmental  Acid  Rain 
Coordinating  Committee  has  been  established  by  the  President  to 
plan  and  manage  the  program.  The  Interior  Department  has  respon- 
sibility for  many  of  the  areas  in  which  an  impact  can  be  expected 
from  "acfd  rain." 

Extensive  regions  of  the  Western  States  are  both  sources  and 
receivers  of  acid  rain  impacts.  Arid  lands  include  those  upon 
which  existing  and  future  coal  mining  and  power  production  activ- 
ities lie,  which  are  great  sources  of  particulates,  aerosols,  and 
gases.  On  these  lands  timber  and  forage  production  and  other 
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resources  may  be  sensitive  targets  of  atmospheric  deposition.  In 
addition,  the  long-range  transport  of  acid  rain  constituents  from 
sources  in  arid  and  semiarid  regions  may  have  adverse  impacts  several 
hundred  miles  downwind  from  the  source. 

Some  of  the  research  needs  in  this  area  are: 

°  Identification  and  measurement  of  the  anthropogenic  and  natural 
sources  of  emissions  causing  acid  rain  in  the  Western  States. 

0  Physical  and  chemical  properties  of  atmospheric  transport  in  dry 
lands. 

°  Processes  and  composition  of  wet  and  dry  deposition. 

0  Effects  of  acid  rain  on  the  organic,  inorganic,  and  nutrient 
components  of  soil  in  arid/semiarid  biomes. 

0  Biologic  effects  of  acid  rain  on  vegetation:  crops,  forests, 
rangeland,  bacteria,  fungi;  and  on  animals:  wildlife,  domestic 
animals,  and  humans. 


Salt-Resistant,  Drought-Resistant  Plants 

There  is  a  need  for  rethinking  and  reevaluating  the  traditional 
approach  to  salinity,  which  has  been  devoted  almost  exclusively  to 
environmental  manipulation.  Most  needed  are  the  addition  land 
vigorous  application  of   new,  biological  and,  specifically,  genetic 
dimension  to  research  and  development  dealing  with  salinity.  Some 
of  the  topics  for  research  in  this  area  are: 

°  Methods  for  increasing  the  existing  germplasm  collections  through 
the  addition  of  salt-tolerant  species  and  varieties. 

0  A  judicious  choice  of  promising  species  which  (a)  are  of  actual 
or  potential  importance  as  sources  of  food,  fodder,  fiber, 
medicinal  or  industrial  materials,  or  biomass  for  energy,  and 
(b)  have  an  evidenced  genetic  potential  for  salt  tolerance. 

0  Basic  research  into  the  mechanisms  of  salt  tolerance  and 
sensitivity. 

Efforts  should  be  made  to  develop  plant-growth  stimulation  models  with 
a  data  base  sufficient  to  lead  into  recommendations  for  optimal  water 
use  under  a  variety  of  conditions:  e.g.,  unlimited  water  avail- 
ability, limited  water  at  various  growth  stages,  limited  water 
application  rates,  drought  conditions.  The  models  could  be  used  to 
determine: 
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°  Physiology  of  plants  and  crops  native  and/or  adaptable  to  arid 
and  semiarid  lands  (using  high  salinity  and  natural  water  for 
irrigation  and  various  irrigation  methods). 

°  Market  values  of  arid  and  semiarid  crops  and  development  of  appro- 
priate technologies  to  make  production  of  such  plants  economically 
attractive. 

°  Land  classification  schemes  to  define  compatible  land-plant-animal- 
climate  systems. 

0  Ecological  sensitivity  of  arid  lands  to  temporary  and  persistent 
weather  changes. 

0  Climatic  and  hydrological  effects  of  agricultural  land  use  (with 
emphasis  on  the  effect  of  introducing  native  and  non-native  soecies 
to  arid  and  semiarid  lands). 

°  Drought  tolerance  and  protoplasmic  qualities  in  mesophytic  higher 
plants. 

0  The  mechanism  by  which  some  plants  survive  very  high  temperatures 
leading  to  collection  and  breeding  of  heat-tolerant  varieties  of 
valuable  plants. 

0  Methods  of  adapting  plants  and  animals  to  aridity. 

0  Methods  for  collecting,  propagating  and  farming  rare  and 
endangered  species. 

°  Reforestation  and  rehabilitation  of  semiarid  lands. 


Wildlife  and  Grazers 

When  desertification  occurs,  animals  are  affected  as  well  as 
vegetation,  as  discussed  in  chapters  IV  and  VI.  Some  areas  of 
fauna  research  may  include: 

°  Transplant  and  propagation  of  endangered  species. 

0  The  extinction  process  of  endangered  species  through  time  and 
the  induced  extinction  due  to  desertification. 

0  Development  of  economic  inventory  techniques  for  rangelands. 

°  Development  of  classification  schemes  for  rangelands. 

0  Studies  on  succession  on  rangelands. 
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0  Species  of  grazers  that  could  survive  in  distressed  ecosystems. 

0  Grazing  tolerance  of  distressed  ecosystems. 

0  Game  ranching  alternatives  to  domestic  livestock. 

^  Introduction  of  exotic  species  in  stressed  ecosystems. 

0  Impact  on  domestic  and  wild  animals  of  the  dewatering  of  streams. 

0  Vegetation  management  to  minimize  herbivory. 

0  Quantification  of  impact  on  yield,  succession,  watershed 
properties. 

0  Integration  of  knowledge  of  grasshoppers  and  locusts  and  their 
effect  on  desertification. 


Population  Dynamics 

Growth  Patterns 

Drylands  native  populations  evolved  social  systems  incorporating 
methods  of  resource  use  that  maintained  them  in  dynamic  equilibrium 
with  arid  environments.  With  the  European  colonization  of  the  New 
World  and  with  the  conquest  of  the  West,  new  modes  of  coping  with  a 
hostile  environment  were  applied.  The  United  States  has  evolved 
highly  integrated  economies  and  transportation  networks,  and  dry  areas 
populations  have  become  somewhat  less  vulnerable  to  the  effects  of 
desertification  and  drought.  In  such  moderate-  or  low-risk  situa- 
tions, the  climate  and  relative  uncrowdedness  of  arid  lands  have 
encouraged  movements  into  drylands.  As  stated  in  Chapter  V,  a  net 
migration  from  the  Frostbelt  to  the  Sunbelt  of  the  nation  is  taking 
place  that  is  taxing,  in  some  instances  heavily,  the  resource  base 
of  certain  portions  of  the  Western  States.  Also,  the  population 
and  economic  shifts  from  farm  to  urban-related  activities  and  the 
changes  in  land  uses  have  resulted  in  the  local  abandonment  of  field 
systems,  including  terracing,  small,  ephemeral  stream  dams,  and 
primitive  irrigation  networks  that,  in  some  cases,  can  be  considered 
a  factor  in  desertification  (Kates  et  al . ,  1976).  While  excessive 
population  growth  increases  demands  on  the  resource  and  may  lead  to 
its  impairment,  some  as  yet  unknov/n  number  of  people  is  needed  both 
to  maintain  the  labor-intensive  modes  of  adaptation  that  insure 
long-term  productivity  and  to  transmit  knowledge  of  such  adaptive 
technology  to  other  generations. 

While  the  American  Southwest  appears  to  represent  a  successful 
example  of  maintaining  large  populations  in  arid  zones  without 
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resource  impairment,  some  symptoms  of  declining  productivity  may 
suggest  that  the  area  may  instead  have  achieved  a  tenuous,  short-term 
environmental  equilibrium.  Should  the  high  costs  of  securing  or 
maintaining  water  supplies  generate  demands  from  the  rest  of  the 
United  States  that  Western  resource  development  "pay  its  way"  in 
higher  levels  of  agricultural  and  energy  production,  the  degradation 
of  resources  and  destruction  of  social  systems  so  evident  in  the 
Third  World  nations  could  conceivably  be  triggered  in  many  areas,  as 
well  as  accelerated  in  the  few  already  desertified  regions.  Some 
of  the  topics  that  need  to  be  studied  are: 

°  The  traditional  methods  of  coping  with  the  inherent  variability 
of  arid  lands,  including  strategies  for  dealing  with  risk. 
Findings  should  inform  current  policy  and  enable  better  predic- 
tion of  the  consequences  of  altering  or  eliminating  traditional 
methods  of  coping  with  aridity. 

0  The  attitudes  and  perceptions  of  populations  which  are  the  target 
of  arid  lands  policies.  The  research  should  include  an  assess- 
ment of  how  people  evaluate  the  potential  return  on  and  vulner- 
ability of  their  investments,  as  well  as  how  they  perceive  their 
options.  The  question  of  what  motivates  successful  local  par- 
ticipation in  development  and  anti-desertification  efforts  should 
also  be  addressed.  A  better  understanding  of  how  people  perceive 
their  risks  in  arid  lands  would  contribute  to  the  development  of 
more  sensitive  policy. 

°  The  dependence,  if  any,  of  the  social  systems  on  institutional 
supports  such  as  federal  subsidies. 

0  The  effect  on  the  social  systems  of  increasing  urbanization. 

0  The  economic  and  environmental  costs  of,  and  impacts  on,  the 
arid  regions  for  securing  water,  energy,  and  raw  materials  for 
growing  urban  centers.  Example:  water  resources  for  the  city 
of  Tucson  come  at  the  price  of  retiring  farms  around  the  city. 


Economic  Dynamics 

Increased  recognition  is  given  to  the.  need  for  making  the  best  long- 
range  use  of  natural  resources  -  an  approach  that  often  conflicts 
with  the  conventional  economics  of  each  individual  or  entity  for 
maximizing  returns.  In  the  case  of  dry  lands,  the  recognition  of 
the  limitations  of  the  system  and  the  hazard  of  desertification 
fosters  the  interest  in  conserving,  sustaining,  and  enhancing 
renewable  resources  of  the  land  -  its  fertility,  its  stock  of 
vegetational  and  wildlife  species,  and  its  access  to  water.  It  is 
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also  recognized  that  these  resources  must  be  protected  from  irreversible 
damage.  Another  concern  related  to  maximizing  the  life-cycle  value, 
rather  than  the  short-term  value,  of  non-renewable  resources,  such 
as  ground  water  without  present  natural  recharge,  by  managing  their 
extraction  in  a  way  that  will  ultimately  produce  the  least  waste,  and 
best  protect  them  from  avoidable  damage.  These  concerns  and  interests 
have  different  research  aspects  related  to  different  time  horizons  and 
to  diverse  policy  approaches  to  the  trade-off  between  long-range  and 
short-range  values. 

This  approach  to  research  on  economic  dynamics  may  be  subdivided 
according  to  whether  they  are  resources  of  the  arid  region  itself, 
or  are  obtained  by  exchanges  of  resources  or  services  with  other 
regions.  In  a  regional  approach  to  research  needs,  this  distinction 
will  separate  problems  whose  solutions  may  be  sought  within  the  region, 
from  those  whose  solutions  must  necessarily  involve  interactions  with 
other  regions. 

Another  tendency  of  current  thinking  is  toward  explicit  recognition 
that  traditional  economics  emphasizes  short-range  dollar  values, 
which  results  in  treating  the  returns  of  extracted  resources  as 
current  income  rather  than  as  withdrawal  of  capital.  Today,  advanced 
thinking  is  directed  toward  a  broader  framework  of  valuation  where 
prices  of  extracted  non-renewable  resources  are  predicted  on  the 
cost  of  replacing  them  with  renewable  resources. 

A  final  distinction  can  be  made  along  the  line  that  connects  urban- 
industrial  concentration  with  highly  dispersed  uses  of  land  such  as 
livestock.  Among  dispersed  uses,  livestock  raising  is  the  most 
important,  the  success  of  which  depends,  in  part,  on  the  special 
ability  of  stock  to  forage  over  a  yery   large  area  of  the  land's 
natural  resources  -  its  sparse  vegetation.  Nearly  all  activities 
based  upon  imported  resources  tend  to  be  concentrated  in  wery   small, 
densely  populated  regions,  with  special  characteristics  of  amenities. 

While  typical  cost  of  water  used  for  irrigated  agriculture  may  vary 
from  $5  per  acre-foot  to  $50  per  acre-foot,  water  used  for  domestic 
purposes  costs  approximately  $120  per  acre-foot;  water  used  for 
secondary  oil  recovery  purposes  is  rated  at  a  value  of  approximately 
$600  per  acre- foot.  Therefore,  if  economic  forces  alone  were  to 
determine  where  adjustments  in  water  consumption  were  to  be  made, 
agriculture  and  its  supporting  industries  would  bear  most  of  the 
burden.  Studies  to  estimate  the  impact  that  response  to  such  water 
values  would  have  on  agriculture  in  arid  and  semiarid  lands,  and  to 
investigate  means  of  mitigating  adverse  impacts  that  would  certainly 
accompany  any  shifts  from  agriculture  are  needed.  Similar  studies 
on  other  resources  affected  by  desertification  and  their  shifting 
values  are  needed  as  well. 
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Energy  costs,  rather  than  declining  water  supplies,  may  markedly 
reduce  irrigation  in  the  West.  For  this  reason,  it  is  urgent  to 
conduct  studies  aimed  at  solving  the  problems  of 

the  cost  of  energy,  increasing 
the  efficiency  of  irrigation,  or  determining  other  alternatives 
which  will  lessen  the  impact  of  drastic  increases  in  the  cost  of 
energy.  Research  is  also  needed  to  evaluate  alternative  energy 
sources  for  powering  irrigation  wells.  Such  alternative  energy 
sources  will  include  solar,  wind,  and  biomass  -  all  of  which  are 
frequently  associated  with  arid  and  semiarid  lands. 

The  present  average  cost  of  water  for  irrigation  varies  from  $5 
per  acre-foot  to  $50  per  acre- foot,  whereas  it  has  been  reported 
that  the  energy  sector  is  willing  to  pay  a  much  more  substantial 
price.  The  price  differential  is  likely  to  cause  a  major  shift 
of  irrigation  water  to  energy-related  activities.  The  corresponding 
socioeconomic  impacts  of  this  trend  and  the  associated  local  and 
regional  economic  tradeoffs  should  be  studied. 

Other  topics  to  be  studied  include: 

0  The  implications  of  developing  and  exporting  resources  of  arid 
lands  for  utilization  outside  arid  regions  that  would  not 
contemplate  rehabilitation  of  impacted  areas. 

0  The  costs  and  benefits  of  applying  national  environmental 
standards  to  arid  lands. 

0  The  development  of  methods  to  better  quantify  and  analyze 
the  losses  due  to  desertification. 

0  The  development  of  methods  to  measure  the  benefits  accrued 
from  preventing  and  arresting  desertification. 

Agriculture  and  Other  Land  Use  Interactions 

While  much  research  has  been  conducted  on  cultivation  practices, 
more  research  aimed  at  conserving  soil  quality  and  soil  moisture 
is  warranted.  The  frequency,  depth  and  optimum  times  for  plowing 
to  conserve  the  greatest  amount  of  soil  moisture  and  nutrients, 
and  maximize  crop  yields  need  to  be  further  studied.  In  like 
manner,  the  effectiveness  of  different  types  of  terracing  practices 
in  utilizing  available  precipitation  requires  evaluation,  partic- 
ularly in  view  of  rapidly  changing  energy  costs. 

"Conventional  wisdom"  is  that  cotton  and  grain  sorghum  are  the  best 
money  crops  to  raise  in  the  South  Plains,  for  example.  This  may  no 
longer  be  the  case  in  the  immediate  future.  Experimental  plots 
should  be  utilized  to  investigate  crops  which  grow  well  and  produce 
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high  yields  with  less  water,  to  develop  drought-tolerant  genotypes,  or 
to  find  "big  money"  crops  which  could,  conceivably,  be  grown  in  smaller 
quantities  on  fewer  acres,  and  still  generate  the  same  dollar  volume 
as  crops  presently  grown.  If  these  research  results  dictated  cropping 
changes,  then  improved  or  different  methods  of  financing,  marketing, 
processing  and  transportation  might  need  to  be  developed.  Optimization 
of  such  developments  would,  likewise,  require  a  substantial  research 
effort. 

Other  topics  of  direct  import  for  desertification  problems:  Farmland 
depopulation  problems;  impacts  of  changes  in  land  use  practice  on 
marginal  lands;  validation,  of  new  technologies  in  minimum  tillage 
cultivation;  energy-water  budget  in  agriculture  and  other  activies; 
impacts  of  salinization  problems  on  agricultural  activity. 


Indian  Concerns 

Indian  concerns  should  be  considered  in  any  research  of  arid  and 
semiarid  lands,  because  of  their  historical  perspective  on  the  land, 
their  unique  legal-institutional  rights,  and  their  special  needs. 

One  research  area  would  be  assessment  of  past  irrigation  projects  on 
Indian  arid  and  semiarid  lands,  to  determine  their  relative  success 
or  failure.  Research  should  also  be  conducted  on  crops  which  may 
be  of  interest  on  reservations,  such  as  jojoba,  guayule,  mesquite, 
and  saltbush  for  animal  feed.  The  water  quantity/quality  require- 
ments of  each  should  be  examined,  as  well  as  the  market  potential. 

Studies  should  be  conducted  on  the  traditional  methods  of  coping 
with  the  inherent  variability  of  arid  lands  by  the  native  populations, 
including  strategies  for  dealing  with  risk,  and  the  modes  of  adap- 
tation evolved.  Other  research  activities  could  be  undertaken  to: 

--Study  the  attitudes  and  perceptions  of  Indian  tribes*  which  are 
the  target  of  arid  lands  policies.  The  research  should  include 
an  assessment  of  how  the  different  tribes  evaluate  the  potential 
return  on  and  vulnerability  of  their  investments,  as  well  as  how 
they  perceive  their  options. 

--Survey  and  evaluate  the  performance  of  arid  lands  institutions 
concerned  with  reducing  risk  (e.g. , 'cooperatives,  credit  institu- 
tions, storage  facilities),  allocating  scarce  resources  (e.g., 
water  rights  and  systems  of  land  tenure),  and  curtailing  produc- 
tion in  bad  years  (e.g.,  soil  banks  and  price  support  systems). 
The  operation  of  such  institutions  can  minimize  the  probability 
of  resource  degradation  and  consequent  economic  and  social 
dislocation. 
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— Evaluate  the  mechanisms   for  placing  and  maintaining  arid  lands 
problems  on  government  agendas.     Policies   formulated  under  crisis 
conditions  may  focus  on  symptoms  rather  than  underlying  causes,  and 
the  political   atmosphere  conducive  to  policy  making  can  quickly 
disappear.     This  may  apply  to  Indian,  public,  and  privately  owned 
land. 


Multi-Objective  and  Multi-Attribute  Analysis 

By  virtue  of  their  special   characteristics,  arid  and  semi  arid  lands 
call    for  a  radical   improvement  in  what  is  known  as  "economic 
analysis."     Research  is  needed  to  develop  decision-making  methodologies 
and  approaches   for  identifying,  quantifying,  measuring,  evaluating 
and  integrating  non-commensurable  objectives  and  attributes, 
associated  with  both  the  social   and  environmental    (non-market  values) 
and  the  economic  considerations.      In  other  words,  social   and  environ- 
mental   impacts  should  be  considered  equally  with  economic  impacts. 

We  should  carefully  examine  the  concept  of  cost-benefit  analysis 

when  used  as  the  sole  criterion  for  excellence.     The  importance  of 
multi-objective  analyses,  where  all   objectives  and  attributes  of  the 
resource  base  are  considered,  should  be  recognized,  especially  in 
the  case  of  dry  lands  where  the  desertification  hazard  is  high. 

It  is  an  acceptable  notion  that  all   benefits  and  costs   (monetary 
and  fton-monetary ,  commensurable  and  non-commensurable)  should  be 
considered  in  such  an  analysis,  yet  the  quantification  of  these 
non-monetary  and  non-commensurable  attributes  has  not  always  been 
possible.     The  idea  of  maximizing  benefit  minus  cost,  or  minimizing 
cost,  should  be  replaced  by  the  notion  of  maximizing  a  host  of 
(multiple)  objectives,  attributes,  and  criteria;  yet  the  state-of- 
the-art  has  not  been  sufficiently  advanced  to  make  such  quantifica- 
tion and  analyses  feasible.     Research  should  be  focused  on  such 
topics  as: 

--The  quantification  of  such  aspects  as  the  irreversibilities 
(desertification)  associated  with  policy-,  planning-,  and 
management-decisions  related  to  arid  and  semiarid  lands;  the 
sensitivity,  stability,  and  responsibility  of  dry  lands  to 
decisions  on  climatic,  atmospheric,  environmental,  agronomic, 
socio-economic,  and  behavioral   aspects;  as  well   as  other 
attributes  such  as  esthetics,  historical   sights,  social  well- 
being  from  local,  regional   and  national   perspectives;  the 
social   costs  and  benefits  of  migration  from  the  "Frostbelt"  to 
the  "Sunbelt"   regions,  and  others. 

--The  development  of  decisionmaking  methods  and  approaches  for 
displaying,  identifying,  quantifying,  measuring,  evaluating 
and  integrating  non-commensurable  objectives  and  attributes 
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associated  with  both  the  social  and  environmental  (non-market 
values),  and  economic  considerations.  In  other  words,  social  and 
environmental  objectives  should  be  considered  on  a  par  with 
economic  objectives. 

Research  results  which  would  assist  in  quantifying,  articulating 
and  thus  realistically  modeling,  evaluating  and  analyzing  arid 
and  semiarid  land  issues  and  problems  in  a  holistic  approach 
should: 

(a)  Improve  upon  policy-,  planning-,  and  management-decisions 
related  to  desertification  prevention  and  arrest  at  the 
local,  state,  regional  and  national  levels. 

(b)  Improve  the  quality,  reliability,  credibility,  and  the 
ultimate  usability  of  mathematical  models  in  policy-, 
planning-,  and  management-decisions  related  to  arid  and 
semiarid  lands. 

(c)  Reduce  the  present  gap  between  modelers,  systems  analysts, 
and  the  scientific  community  in  general,  on  the  one  hand, 
and  the  decision-makers,  practitioners,  and  model  users  on 
the  other. 

Risk  and  Impacts  Analysis 

The  impacts  of  usage,  planning,  management,  and  policy  decisions  on 
arid  and  semiarid  lands  that  could  lead  to  desertification  may  be 
classified  as  either  primary  or  secondary.  Primary  impacts  are  the 
expected  risk  (of  any  kind)  or  the  intended  results  of  these 
decisions.  Secondary  impacts  are  side-effects,  unaccounted-for  risk, 
or  unintended  results.  Both  types  of  impacts  may  have  uncertainties 
associated  with  them. 

Risk  assessment  is  particularly  desirable  for  arid  and  semiarid 
regions  because  of  the  recurring  impact  of  natural  events  such  as 
protracted  and  short-term  droughts,  destructive  wind  and  hail  storms, 
early  and  late  frosts,  and  the  impacts  of  human  interevention 
together  with  marketing  uncertainties.  All  costs  and  benefits  of 
risk-taking  at  different  levels  of  decisionmaking  (federal,  state, 
local,  elected  or  appointed  officials,  etc.)  need  to  be  determined 
and  defined. 

Economic  models,  such  as  input-output  models,  need  to  be  refined  and 
updated  periodically.  Little  attention  has  been  given  to  the  problem 
of  lessening  the  impacts  of  a  major  decline  of  irrigated  agriculture, 
for  example,  or  providing  alternatives  which  might  preserve  the 
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economy  of  a  region  which  has  reverted  to  dryland  farming.  If  changes 
or  shifts  in  the  production  of  goods  and  services  are  to  be  required, 
a  slow  but  evenly  paced  transition  would  not  disrupt  the  economy  as 
severely  as  would  a  sudden  change.   In  addition  to  economic  factors, 
the  social,  institutional,  legal  and  technological  aspects  should 
also  be  considered.  The  same  is  true  if  actions  are  necessary  to 
maintain  certain  ongoing  activities. 

The  research  of  the  social-behavioral  aspects  in  risk-benefit  analysis 
should  include  an  assessment  of  how  people  evaluate  the  potential 
return  on  and  vulnerability  of  their  investments,  as  well  as  how  they 
perceive  their  options.  The  question  of  what  motivates  successful 
local  participation  in  development  and  anti-desertification  efforts 
should  also  be  addressed.  A  better  understanding  of  how  people 
perceive  their  risks  in  arid  lands  would  assuredly  contribute  to 
the  development  of  more  sensitive  policy. 

Environmental  impact  assessment  requires  a  physical  understanding 
of  the  arid  and  semiarid  biomes  and  the  risk  of  desertification, 
together  with  an  analytical  modeling  capability  which  will  display 
the  feedback  loops  of  the  climate-soil -plant-animal  system. 

The  work  should  begin  with  simple,  macroscale  (i.e.,  regional) 
representations  of  normal  and  stressed  systems  which  follow  a  single 
critical  flux  (perhaps  water  in  this  case)  and  which  take  into 
account  the  substantial,  natural  uncertainties  present  in  arid 
climates. 

It  is  essential  that  programs  of  data  acquisition  and  analyses  be 
barried  out  In  parallel  with  the  modeling  efforts,  and  that  these 
guide  and  correct  each  other  continuously. 

Research  is  needed  to  determine: 

—The  quantification  of  risk  so  that  it  can  be  included  in  the 
quantitative  evaluation  and  analysis,  along  with  all  other 
benefits  and  costs. 

—The  distributional  effects  of  certain  policies  related  to  soil, 
water  and  other  resources  conservation. 

—How  to  reduce  the  socio-economic  risk,  as  well  as  other  risks, 

associated  with  the  consequences  of  policy-,  planning-,  and 

management-decisions  related  to  arid  and  semiarid  lands  and 
desertification. 

--Economic  allocations  of  water  and  vegetation,  the  socio-political 
impacts  from  reallocation  of  these  resources  supplies,  and  the  role 
of  arid  and  semiarid  lands  in  the  national  economy. 


-219- 


•Traditional  methods  of  coping  with  the  inherent  variability  of 
arid  lands,  including  strategies  for  dealing  with  risk.  Findings 
should  inform  us  of  current  policy  and  enable  better  prediction 
of  the  consequences  of  altering  or  eliminationg  traditional  methods 
of  coping  with  aridity  and  desertification. 

all  groups  including  user  groups, 
•Aspects  of  the  decisionmaking  process  by/public  interest  lobbies 
and  environmental  groups:  examining  their  respective  represen- 
tativeness and  membership. 

•The  legislative  objectives  of  specific  programs  relating  to  the 
use  of  resources  in  an  arid  environment  as  given,  and  the  insti- 
tutional factors  that  prevent  the  achievement  of  these  programs. 

•Relation  of  natural  and  manmade  hazards  in  arid  zones  -  and  of  our 
increasingly  greater  capacity  to  predict  these  hazards  -  to  the 
obligations  of  local  state  institutions  to  mitigate  these  hazards 
(especially  the  question  of  tort  liability  of  governmental  insti- 
tutions). 


Methodologies  for  Planning  and  Managing  Arid  Areas  to  Prevent  and 
Arrest  Desertification 

Studies  leading  toward  integration  of  the  resource  base  quality, 
supply,  demand,  planning,  and  management  at  all  governmental  levels 
are  needed.  Such  integrated  resources  planning,  management,  and 
regulating  functions  must  then  become  an  integral  component  of  the 
broader  function  of  land  use  planning  and  management.  Many  resources' 
planning  and  management,  for  example  water,  is  largely  a  state 
function,  often  differing  from  federal  agencies'  functions.  In 
water  quality  planning  and  management  (pollution  control),  there  are 
overlapping  federal  and  state  functions  as  well  as  local  government 
functions.  Local  governments  may  have  limited  roles  in  water  quan- 
tity and  other  resources  management.  State  and  federal  government 
have  limited  voices,  if  any,  in  land-use  planning  and  management. 

A  greater  effort  should  be  made  toward  contingency  planning.  Models 
should  be  created  for  various  scenarios,  such  as: 

--Providing  all  requirements  for  people  at  any  place  (e.g.,  moving 
water  to  the  people). 

—  Restricting  population  to  places  where  these  requirements  can  be 
met  (moving  people  to  the  water). 

--Leaving  developments  to  themselves. 

--Formulating  management  policies,  such  as:  Regulating  certain  types 
of  recreation;  Limiting  resources  transfers;  Limiting  or  stopping 
agricultural  subsidies;  etc. 
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--Establishing  contingency  plans  for  dry  years  and  gaining  a  better 

understanding  of  resiliency,  by  examining  social  and  behavioral 

methods  of  adjusting  to  shortage,  and  to  natural  and  historical 
adaptation  mechanisms. 
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ther  suggested  research  topics  are; 

--Examine  the  manner  in  v/hich  the  configuration  of  existing  political 

jurisdictions  affect  the  design  of  policies  appropriate  to  the 

characteristics  of  arid  lands.  Among  the  questions  that  should  be 
addressed  are: 

0  The  implications  of  developing  and  exporting  resources  of  arid 

lands  for  utilization  outside  arid  regions. 
0  The  costs  and  benefits  of  applying  national  environmental 

standards  to  arid  lands. 


--Examine  existing  and  alternative  mechanisms  for  evaluating  the 
appropriateness  of  technology  used  in  arid  lands  development. 
The  criteria  for  assessing  appropriateness  should  include  effec- 
tiveness in  matching  project  scale  with  both  local  needs  and  local 
resources,  to  ensure  a  project's  long-term  operation. 

--Analyze  individual  and  group  perception  of  desertification  and 
resources  problems,  and  the  relation  of  these  perceptions  to  the 
manner  in  which  resource  programs  are  conduted. 

The  relationship  among  the  policy  analysis,  research  and  societal 
demands  requires  feedback  to  determine  feasibility  of  policy.  Studies 
should  be  conducted  to  improve  the  implementation  of  all  policies, 
including: 

--Identifying  incentives  and  institutional  actions  for  conservation 
in  drought  years,  and  in  controlling  desertification. 

--Identifying  and  triggering  social  change  and  institutional  action 
to  conserve  or  increase  the  resilience  of  the  arid/semiarid  systems. 

This  section  was  adopted  from  the  following  sources: 


Berry  and  Ford,  1977 

Caulfield,  1978' 

Cochran  and  Fordham,  1978 

Dirmhirn,  1978 

Epstein,  1978 

Fogel  and  Harwood,  1978 

Fowler,  et  al.,  1978 

Goodin  and  Northington,  1979 

Haimes,  1979 

Ingram,  et  al . ,  no  date 


NAS,  1975 
NAS,  1979 
NRC,  1976 
Rosenberg,  1979 
Sabadell,  1979 
Steele,  1978 
Sweazy,  et  al . , 
White,  1960 
Yevjevich,  et  al 


1978 


1977 
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IX.  International  Activities 

It  has  long  been  understood  that  desertification  processes  have  a 
global  dimension  on  both  the  physical  and  political  levels. 

The  arid  belts  around  the  world  are  a  reflection  of  wide- 
spread weather  patterns  determined  in  turn  by  such  factors  as  upper 
air  winds  and  ocean  currents.  Shifting  patterns  directly  affect  the 
availability  of  moisture.  The  present  geologic  epoch,  the  Quaternary, 
has  seen  long-term  landscape  changes  effected  by  a  variety  of  global, 
tectonic,  erosional  and  seismic  activities. 

Improved  communications  have  led  to  greater  world  awareness  of  droughts 
and  subsequent  famines  in  remote  parts  of  the  globe.  Greater  research 
has  led  to  a  more  general  understanding  of  the  problem.  According  to 
Professor  J.  A.  Mabbutt,  an  Australian  geographer  specializing  in  arid 
lands,  desertification  is  a  human  problem,  not  only  in  its  consequences 
but  also  in  its  causes.  In  searching  for 

causes  beyond  basic  growth  of  population  and  pressures  on  natural 
resources,  it  has  been  recognized  that  such  activities  as  tree-cutting 
and  herding  have  conspicuously  modified  the  character  of  the  land  In 
regions  such  as  the  Mediterranean  Basin  and  the  Sahara.  Large-scale 
irrigation  works  also  have  had  long-term  adverse  effects,  such  as 
abandonment  of  land  no  longer  fertile. 

The  more  industrialized  nations  of  the  world  are  seen  to  be  causing 
the  greatest  perturbations  in  the  environment.  Acid  rain,  for  example, 
results  from  products  of  combustion  which  may  fall  thousands  of  miles 
from  the  source.  Both  freon  gas 

releases,  affecting  the  vital  ozone  levels  in  the  stratosphere,  and  the 
buildup  of  CO2  resulting  from  fuel  combustion  may,  if  unchecked,  have 
disastrous  effects  on  the  world's  climate.  It  can  be  seen  that  while 
desertification  processes  are  most  visibly  set  in  motion  by  local  actions, 
conditions  may  also  be  affected  by  gradual  changes  occasioned  by  distant 
environmental  manipulations. 

A  growing  responsibility  is 
recognized  for  conducting  international  studies  of  the  problem  and  of 
arriving  at  mitigating  actions,  cooperatively.  Additionally,  technologies 
for  combating  the  effects  of  desertification  are  frequently  transferable 
and  pilot  studies  can  be  most  productive  when  based  on  the  widest 
possible  experience  and  knowledge.  In  recognition  of  multinational 
involvement,  the  United  States  has  taken  an  active  role  in  U.N.  and 
other  forums,  through  its  AID  programs,  and  in  negotiations  with  Mexico 
on  the  shared  boundary  problems,  in  attempting  to  understand  and  solve 
potential  threats  to  the  environment.  American  scientists  have  been 
prominent  in  a  succession  of  international  science  and  technology- related 
endeavors  organized  by  groups  such  as  the  International  Council  of 
Scientific  Unions  (ICSU).  The  subject  of  desertification  has  had 
specific  attention  by  the  U.N.  since  the  conference  convened  in 
Nairobi,  Kenya, in  1977. 
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Desertification  and  the  United  Nations 

Current  international  concern  with  desertification  followed  the 
disastrous  drought  that  struck  the  southern  borders  of  the  Sahara 
between  1968  and  1974.  This  Sahelian  drought  led  to  widespread 
destruction  of  pastures  and  mass  death  of  livestock  in  pastoral  com- 
munities, and  to  repeated  crop  failure  in  the  agricultural  lands  to 
the  south.  Climatically  and  ecologically,  it  was  as  if  the  Sahara 
desert  had  extended  its  limit  southward  by  5  degrees  of  latitude.  By 
1972  the  livelihood  systems  over  large  areas  were  in  a  state  of 
virtual  collapse,  famine  was  widespread,  and  wholesale  out-migration 
of  refugees  was  taking  place.  It  is  estimated  that  250,000  people 
died  as  a  result  of  the  drought,  and  that  the  loss  of  life  would  have 
been  even  larger  but  for  the  massive  international  relief  operation 
that  was  belatedly  mounted. 

At  the  time  of  the  tragedy  in  VJest  Africa  there  was  also  severe  drought 
and  famine  in  the  Sudan  and  Somalia  further  east,  and  in  the  Indian 
deserts  where  monsoon  rains  were  generally  below  average  throughout  the 
1960s.  Following  a  number  of  resolutions  by  concerned  international 
bodies,  the  General  Assembly  of  the  United  Nations  agreed  in  December 
1974  to  initiate  concerted  international  action  to  combat  the  spread  of 
desert  conditions.  Resolution  3337  (XIX)  called  for  an  international 
conference  to  be  held  in  1977  to  give  impetus  to  such  action,  specified 
that  a  world  map  should  be  prepared  to  show  the  extent  and  intensity  of 
the  problem,  asked  that  all  available  information  on  desertification 
and  its  consequences  for  development  should  be  gathered  and  assessed, 
and  called  for  the  drawing  up  of  an  international  plan  of  action  to 
combat  desertification. 

Fundamental  national  differences  are  recognized  in  the  Plan  of  Action  to 
Combat  Desertification  adopted  by  the  United  Nations.  Although  there  is 
a  call  for  international  collaboration  at  all  levels,  the  plan  recognizes 
that  action  will  primarily  be  within  national  plans,  responsive  to  local 
values  and  objectives,  and  ultimately  dependent  on  the  provision  of 
appropriate  technology  at  the  national  scale. 

To  assist  the  United  Nations 
Conference,  case  studies  of  desertification  were  commissioned  from 
among  developing  arid  countries  to  demonstrate  the  nature  of  the 
problem,  and  further  studies  (with  greater  emphasis  on  the  success  of 
combative  measures)  were  presented  by  the  governments  of  technologically 
more  advanced  nations.  The  case  studies  were  invaluable  in  demon- 
strating the  importance  of  social,  economic  and  demographic  factors  as 
determinants  of  the  patterns  and  nature  of  desertification,  particularly 
through  their  influence  on  land  use. 

On  the  world  scene,  desertification  in  dry- farming  systems  has  commonly 
followed  the  extension  of  cultivation  into  areas  of  unduly  high  drought 
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risk  and  on  unsuitable  terrain  and  erodible  soils.  Among  the  subsistence 
economies,  as  in  many  Middle  Eastern  countries  and  in  India,  this 
expansion  is  associated  with  pressure  of  increasing  population  and  a 
growing  need  for  production  of  food  crops,  with  mounting  land  hunger. 
The  expansion  of  cultivated  area  tends  to  accelerate  during  runs  of 
good  rainfall  seasons  and  has  everywhere  been  facilitated  by  the 
increasing  mechanization  of  agriculture. 

In  the  face  of  growing  food  demands,  there  has  been  a  widespread 
tendency  toward  the  replacement  of  rangelands  by  cultivated  fields, 
particularly  where  labor  is  abundant  and  cheap. 

The  promise  of  a  greater  food  return  is  at  the  cost 
of  stability,  for  whereas  in  years  of  drought  animal-based  systems  can 
continue  to  provide  some  subsistence,  crop  failure  can  be  complete.  Further, 
a  cover  of  natural  pasture  provides  a  check  against  accelerated  soil 
erosion  where  cultivated  lacijds  are  left  vulnerable. 

The  main  physical  problems  associated  with  desertification  in  irrigated 
regions  are  waterlogging  and  salinity.         Salt-affected  and 
waterlogged  soils  occur  in  50%  of  the  irrigated  area  in  Iraq,  23%  in 
Pakistan  overall,  80%  in  the  Punjab,  30%  in  Egypt,  and  15%  in  Iran. 
According  to  FAG  estimates  not  less  than  50%  of  the  world's  irrigated 
land  is  already  saline,  and  every  year  several  hundred  thousand  hectares 
of  land  are  lost  in  consequence  -  probably  equivalent  to  the  area  of  new 
lands  being  brought  under  irrigation  annually. 

Increasing  salinity  of  river  flows  has  caused  great  concern,  specially 
where  more  than  one  state  is  directly  involved.  An  example  of  the 
problem  created  by  salinization  along  international  rivers  is  the  case 
of  the  U.S.  and  Mexico,  concerning  the  use  and  quality  of  the  waters 
of  the  lower  Colorado  River. 

The  UN  studies  also  record  successes  in  establishing  stable  and 
productive  systems  of  land  use  in  arid  and  semiarid  lands.  There  are 
examples  of  progress  toward  a  more  realistic  appreciation  of  the  true 
productivity  of  rangelands  in  terms  of  safe  carrying  capacity,  and  of 
what  constitutes  a  minimum  holding  for  economic  operation. 

The  United  Nations'  proposed  Plan  of  Action  to  Combat  Desertification 
stresses  throughout  the  need  for  community  awareness,  support,  and 
participation  in  national  programs.  General  public  attitudes  are 
important  and  there  is  a  widening  appreciation  of  the  limitations  and 
assets  of  arid  -and  semiarid  zones,  for  instance,  an  appreciation  of 
the  hazards  of  drought  for  the  land  user,  of  limits  to  production  set 
by  scanty  rainfall,  and  of  the  sensitivity  of  desert  ecosystems  under 
pressure  of  human  land  use  and  misapplied  technology  carried  in  from 
other  zones.  There  is  wider  acknowledgement  that,  despite  their 
vastness,  the  resources  of  the  drylands  are  not  inexhaustible,  and 
that  conservational  attitudes  are  as  necessary  here  as  in  the  better- 
watered  parts  of  the  continents,  perhaps  even  more  so  given  the  drastic 
repercussions  of  misuse  of  these  extreme  environments. 
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Increasingly,  desert  lands  are  becoming  valued  for  purposes  other  than 
immediate  profit.  Recognition  of  the  importance  of  native  plants  and 
animals  in  desert  refuge  areas  as  a  unique  national  and  world  heritage, 
and  perhaps  as  a  gene  pool  for  future  selection,  is  now  expressed  in 
the  establishment  of  nature  reserves.  The  growing  use  of  the  deserts 
for  tourism  and  recreation  reflects  an  appreciative  response  to  the 
great  scenic  beauty  and  natural  interest  of  their  landscapes,  and  to 
the  restorative  impact  of  the  immense  desert  expanses  on  urban  people. 

Professor  Mabbutt  points  out  that  viewpoints  that  have  influenced 
expectations  about  the  future  of  the  dry  zones  must  bear  some  respon- 
sibility for  their  present  status.  One  is  the  temptation  to  see  the 
dry  sparselands  of  the  world  as  untapped  resources;  another  is  the 
tendency  to  accept  the  selective  memory  of  good  seasons  in  these  regions 
as  grounds  for  a  predicted  development;  and  a  third  is  an  uncritical 
trust  in  technology  development  and  transfer  as  a  means  of  overcoming 
environmental  constraints  and  of  increasing  productivity,  often  on  the 
evidence  of  results  achieved  in  quite  different  physical  and  socio- 
economic settings. 

The  first  of  these  assumptions  contributed  to  the  launching  of  UNESCO's 
Arid  Zone  Programme  in  1951.  The  simplistic  arithmetic,  that  the  arid 
and  semiarid  lands  comprised  about  a  third  of  the  earth's  surface  but 
supported  less  than  one-eighth  of  its  population,  was  accepted  as 
evidence  of  an  underdevelopment  that  could  not  be  tolerated  in  a  world 
faced  with  overcrowding  and  with  shortages  of  food  and  fibers. 

During  the  next  eleven  years,  reviews  were  commissioned  and  symposia 
convened  on  many  major  environmental  problems  of  the  arid  and  semiarid 
zones.  The  twenty-eight  volumes  published  under  the  Programme  comprise 
an  imposing  body  of  fundamental  and  applied  knowledge  of  the  world's 
dry  environments.  In  addition,  a  large  number  of  training  centers  were 
established,  some  200  research  units  were  set  up  in  40  countries, 
and  several  thematic  maps  were  prepared  to  depict  current  scientific 
knowledge  concerning  the  natural  resources  of  the  arid  zones. 

The  Sahelian  drought  of  1968-73,  which  followed  closely  after  the 
compilation  done  by  UNESCO,  triggered  the  1974  resolution  calling  for  a 
conference  on  desertification.  This  fact  recognized  that  special  attention 
and  thorough  analyses  were  necessary  to  understand  and  deal  with  the 
ecological  and  social  changes  brought  about  by  the  exploitive  uses  of  some 
of  the  arid  lands  resources. 

Since  the  Nairobi  Conference  the  desertification  control  activities 
under  the  UN  framework  have  proliferated.  An  international  consultative 
group  on  desertification  was  formed.  In  response  to  resolutions  and 
decisions,  as  well  as  the  recommendations  of  the  Consultative  Group,  the 
Executive  Director  of  the  UN  Environmental  Program  (UNEP)  invited 
governments  and  international  organizations  to  declare  their  interest 
in  membership  or  co-sponsorship  of  the  Consultative  Group.  To  date,  he 
has  received  such  declarations  from  many  governments,  including  the  U.S. 


-226- 


Co-sponsoring  international  organizations  are:  Food  and  Agriculture 
Organization  of  the  UN;  International  Fund  for  Agriculture  Development; 
UN  Development  Program;   UN  Educational,  Scientific  and  Cultural  Organ- 
ization; UN  Environmental  Program;   UN  Fund  for  Population  Activities; 
UN  Industrial  Development  Organization;  World  Food  Council;  and  World 
Meteorological  Organization. 

The  Desertification  Unit  established  in  1978,  within 

UNEP,  in  response  to  the  General 
Assembly,  assists  the  Executive  Director  and  the  Governing  Council  of 
UNEP  in  global  coordination  and  followup  implementation  actions. 

In  addition  to  this  main 
function,  the  Desertification  Unit  serves  as  the  secretariat  to  the 
Consultative  Group  and  to  the  Inter-Agency  Working  Group  on  Desertifi- 
c:tion  (IAW6D).  Furthermore,  in  order  to  avoid  duplication  of  activities 
within  UNEP,  all  activities  related  to  arid  and  semiarid  lands  ecosystems 
and  to  combating  desertification  are  coordinated  by  the  Desertification 
Unit.  The  Desertification  Unit  cooperates  fully  in  all  activities 
related  to  arid  lands  and  combating  desertification  which  are  being 
carried  out  by  the  various  units  within  the  Program,  such  as  the  Global 
Environmental  Monitoring  Systems  (GEMS).  At  the  United  Nations  level, 
the  coordination  is  provided  through  lAWGD.  The  Desertification  Unit, 
in  conformity  with  the  overall  UNEP  mandate,  is  also  responsible  for  the 
catalysis  of  activities  related  to  its  area  of  concern.  The  Unit  works 
very   closely  with  the  UN  Sahelian  Office  and  other  regional  entities. 
By  resolutions  of  May  and  June  1978,  the  institutional  support  for  the 
program  became  a  shared  responsibility  of  the  UNEP  and  the  UN  Development 
Program  (UNDP). 

The  development  of  an  international  program  to  maintain  the  ecosystems 
of  arid  and  semiarid  lands  and  to  combat  desertification  has  been  a  high 
priority  of  the  U.S.  since  the  UN  Conference  on  the  Control  of  Desert- 
ification (UNCOD).  Since  then  the  U.S.  has  worked 
in  a  number  of  multilateral  and  bilateral  forums  to  implement 
Conference  recommendations.  In  particular  the  arid  lands  program  with 
Mexico  is  seen  as  an  important  symbol  and  manifestation  of  commitment 
to  an  international  program,  and  also  of  the  importance  attached  to 
arid  lands  management  in  the  U.S.  relationships  with  Mexico.  The  U.S. 
position  is  that  intensification  of  national  efforts  to  implement  cooperative 
planning      is  necessary.  It  should  be  noted  that  during  Fiscal 
Year  1980,  AID  will  obligate  more  than  $36  million  for  desertification 
control  projects.  An  even  greater  anti-desertification  effort  is 
anticipated  by  AID  during  FY  81  and  82  as  a  result  of  planning  now 
underway  for  bilateral  projects. 

Specific  U.S.  commitment  and  support  since  the  1977  UN  Conference 
includes: 
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(a)  establishment  of  a  broad-based  interagency  committee  to  plan 
and  monitor  our  national  desertification  efforts  and  to  prepare 
a  National  Plan  of  Action  to  Combat  Desertification  which  will 
probably  be  available  in  1981.  The  project  has  recently  been 
retitled  the  Desertification  Assessment  for  the  United  States. 

(b)  the  U.S. -Mexico  Agreement  on  Arid  Lands  Management  and  Desert- 
ification Control,  signed  in  February  1979  by  Secretary  Vance,  to 
sets  up  a  joint  work  program  to  combat  desertification  in  the 
border  zone. 

(c)  U.S.  membership  in  the  Consultative  Group  for  Desertification 
Control  set  up  by  UNEP  to  assess  proposed  desertification 
control  projects. 

(d)  expansion  of  our  bilateral  development  assistance  program  in 
areas  related  to  desertification,  including  energy  alternatives 
to  firewood;  support  for  the  Sahel  Development  Program; 
reforestation  and  remote  sensing  applications  in  arid  lands; 
and  desertification  monitoring  and  assessment. 

(e)  expansion  of  U.S.  research  in  areas  such  as  salt-  and  drought- 
tolerant  plants,  commercial  development  of  various  arid  lands 
plants,  and  new  technologies  and  management  techniques  for 
watersheds  and  rangelands. 

The  U.S. -Mexico  Agreement  on  Arid  Lands  Management  and  Desertification 
Control  includes  cooperative  research,  demonstration,  and  application 
projects  in  the  following  areas:  new  crops,  soil  conservation,  range- 
land  management,  livestock  production  and  conventional  crops,  forestry, 
equipment  research  and  development  for  agricultural  production  and 
revegetation ,  water  harvesting  techniques,  and  watershed  management. 

The  U.S.  and  Mexico  are  also  cooperating  in  the  development  of  their 
respective  National  Plans.  During  a  March  1980  consultation  in 
Lubbock,  Texas,  both  sides  agreed  to  exchange  draft  Plans  for  the 
purpose  of  reviewing  them  for  possible  integration  of  sections  dealing 
with  the  border  zone.  In  addition,  it  was  agreed  to  launch  a  cooperative 
research  program  on  desertification  monitoring,  moving  toward  a  goal 
of  an  operational  regional  program.  A  fourth  bilateral  meeting  on 
desertification  will  be  held  in  Mexico  City  in  February-March  1981, 
prior  to  the  9th  UNEP  Governing  Council  meeting,  in  order  to  analyze 
progress  in  the  elaboration  of  the  Plans,  and  to  review  and  attempt  to 
formulate  common  positions  on  issues  which  will  come  before  the  next 
Governing  Council.  Future  workshops  under  the  aegis  of  the  U.S. -Mexico 
Working  Group  on  New  Crops,  Arid  Lands  and  Agricultural  Productivity 
will  focus  on  Water  Harvesting  (1980),  Range  Management  (1981)  and 
Watershed  Management  (1982). 
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Desertification  is  recognized  as  a  global  problem,  differing  in  its 
aspects  from  region  to  region,  but  amenable  to  study  and  action  based 
on  cooperative  research  and  programs  among  governments.  The  United 
States  has  recognized  the  importance  of  this  topic  both  domestically 
and  at  the  international  level  by  confronting  the  problem  through  a 
variety  of  mechanisms  on  different  fronts     and  with  full  realization 
of  the  mutual  dependence  the  countries  of  the  world  share  in  attempting 
to  improve  international  land  quality  and  to  prevent  the  human  tragedy 
that  will  result  from  further  desertification. 
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Appendix  A;  Geographical  Regions 


The  17  Western  and  Great  Plains  States  have  been  divided  into 
eight  regions  roughly  the  same  as  those  in  Morris  E.  Austin's 
Land  Resource  Regions  and  Major  Land  Resource  Areas  of  the  United 
States.   These  regions  (Figure  A-1)  overlap  with  the  Great 
Plains,  Mountain,  and  Pacific  regional  divisions  (Figure  III-l) 
and  £lLso  with  the  ecoregions  (Figure  E-1);  however,  the  overlaps 
are  not  exact.   The  location,  topography  and  elevation,  climate, 
geology,  water,  and  population  centers  of  each  region  are 
described  here  to  give  a  general  understanding  of  their 
diversity. 
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a.      Northwest   Rangeland 


Location:      This  region  runs  north-south  along  the  eastern  edge  of 
the   Cascade  Mountains   with  extending   arms  along    the   Columbia   and 
Snake   Rivers. 

Topography  and   Elevation:      This   is   an  area  of  varied    topography 
including  mountain   foothills,   basins,    plains,   and   plateaus.      The 
elevation  ranges    from   1,000   feet  on  the   plains,    to   about   4,500 
feet   on   the   plateaus,    to   10,000  feet  at   the  crests  of   some 
mountains. 

Climate:      The   average  annual    precipitation  is   less   than  20 
inches,   with  an  extreme   low  of   6   inches.      Winter   rainfall   is 
greater   than  summer   rainfall.      Average   annual    temperatures   range 
from  40°to   55°F.      Average    freeze-free  periods   range    from  50   to 
200  days. 

Geology:      The   geology  of   this   region   is    primarily  volcanic   rocks 
of   Quaternary  and   Tertiary  age.      Soils  vary   widely,   but    the 
alluvials  are    frequently  the  most    productive. 

Water:      Water    from  the   Columbia  and   Snake   Rivers   irrigates 
agricultural   areas. 

Population  Centers:      Spokane,    Washington  (309,000  pop.)    and 
Boise,    Idaho   (114,033)   are   the    population  centers   of   the  region. 


b.      California  Subtropical 


Location:      This  region   lies   within   the   Stnte   of   California, 
covering   the  coastal   plain  and   central   valley  regions  west  of   the 
Sierra  Nevada  and   the   Southern  California  mountains. 

Topography  and  Elevation:      The  coastal   plain  and  central  valley 
both  range   from   sea  level    to   2,000  feet   in  elevation. 

Climate:      Average   annual   precipitation  is   from  5   to   25   inches 
withvery  dry  suraraers.      Freeze- free    periods  may  be   year-long  in 
the   southern  portion  of   the   region  and   near   the   coast,   and   are 
generally  250  days  long   elsewhere.      Average  annual   temperatures 
are   from  55°    to  65°F. 

Geology:      The  valleys  are  alluvium  filled;    the  coastal   plain  is 
geologically  composed   of  granitic   outcrops  and  marine 
depositional  material. 
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Water:      The   Sacramento   and   San  Joaquin  Valleys   are  heavily 
irrigated   from  the   Sacramento  and   San  Joaquin  Rivers  and   from 
groundwater  sources. 

Population  Centers:     A  favorable   climate  and   heavy 
industrialization  has   led    to  a  high  density  population,  and 
urbanization  continues   to   expand   rapidly,   often  crowding   out 
agriculturally  productive   land.      Population  centers  are 
Sacramento   (90,000),    San  Francisco  (3,158,000),    Fresno   (464,000), 
Los  Angeles   (6,997,000),   and   San  Diego   (1,624,000),   each  with  a 
large   suburban  area. 


c.      Western  Plains  and  Plateau  Rangeland 


Location:      This   is   the  largest  of   the   regions,   extending   from 
south  and  west   of  the   Cascades  and   Rockies,    south   to  the  Mexican 
border,   and   east   into   the  Trans-Pecos  area  of  Texas.     Much  of 
this  area  is  public   land. 

Topography  and  Elevation:      The  region  is  a  basin  and  range   type 
of   topography  with  plateaus  varying   in  elevation  from  about  4,500 
to  7,500   feet,   and  basins  as  low  as  250   feet  below  sea  level   in 
the   Imperial  Valley.      There  are  a   few  small  mountain  ranges  with 
peaks  as  high  as  13,000   feet.      The  lower   Colorado  River  valley 
provides   the  only  large  extent  of  low-lying   land. 

Climate:      The  average  annual   precipitation  is  generally  less  than 
10  inches  on  the  plains,   but  may  be  as  high  as  40   to  50   inches  in 
the  mountains.      Precipitation  is  higher   in   the   summer   in  the 
southeastern   portion  of  the  region.      Elsewhere,   rainfall  tends   to 
be  higher   in  winter.     Average  annual   temperatures  are  45**   to 
55°F,   ranging   from  35°    in  the  north  to  70°    in  the   south. 
Freeze-free  periods   range   from  less   than  90  days   in  the  north  to 
more  than  240  days   in  the   south. 

Geology:      The  region  has  a  great  variety  of  geologic   formations. 
The  geologic   origin  ranges   from  volcanic    to   terrestrial   and 
marine  depositions,  and  the  ages  of  the  rock  extend   back   to  the 
Precambrian  Age.      The   Colorado  Plateau  at   the  Four  Corners  area 
(common  border   point  of  Arizona,   New  Mexico,    Colorado,  and  Utah) 
where  the  Grand   Canyon  cuts  through  and   reveals  the  many  layers 
of   sedimentary  rock  is  the  outstanding  geologic   feature. 
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Water:   All  principal  rivers  in  this  region  have  their  headwaters 
in  the  mountainous  area,  flowing  into  and  through  dry  areas. 
They  are  the  Colorado,  the  Humboldt  and  the  Rio  Grande. 

Population  Centers:   The  region  is  sparsely  populated  but  has 
urban  centers  at  Salt  Lake  City,  Utah  (800,000);  Las  Vegas, 
Nevada  (346,000);  Phoenix  (1,224,000)  and  Tucson  (451,000), 
Arizona;  Albuquerque,  New  Mexico  (393,000);  and  El  Paso,  Texas 
(431,000). 

d.   Rocky  Mountain  Rangeland 


Location:   The  Rocky  Mountain  chain  extends  into  the  U.S.  from 
Canada  and  continues  into  New  Mexico. 

Topography  and  Elevation:   The  variances  of  topography  and 
elevation  are  extreme,  with  valleys  down  to  2,000  feet  and  peaks 
up  to  14,500  feet.   The  meadows  are  at  about  8,000  feet. 

Climate:   In  many  valleys,  average  annual  precipitation  is  less 
than  10  inches;  average  annual  temperatures  are  40°  to  50°F.   The 
longest  freeze-free  period  is  120  days.   The  mountains  receive 
more  rain  and  snowfall,  especially  in  the  winter,  but  have  lower 
average  temperatures  and  a  considerably  shorter  freeze-free 
period. 

Geology:   The  region  is  heavily  folded  and  faulted  volcanic, 
sedimentary,  and  metamorphic  rock.   Alluvial  soils  are 
predominant  in  the  valleys. 

Water:   Perennial  streams  fed  by  mountain  rainfall  and  melting 
snow  provide  some  of  the  area  with  sufficient  water.   The  valleys 
and  meadows  of  this  region  are  prone  to  desertification  processes 
because  of  slope  drainage  and  water  supply  problems.   This  is 
especially  true  in  the  San  Luis  Valley  of  Colorado.   Salinity 
problems  result  from  heavy  irrigation. 

Population  Centers:   The  ruggedness  of  the  terrain  has  forced 
settlement  into  the  valleys,  where  the  most  agriculturally 
productive  lands  are,  creating  an  increasing  conflict  between  the 
needs  of  urbanization  and  agriculture  for  both  land  and  water. 
The  area  is  sparsely  populated,  with  the  largest  population  and 
industrial  center  at  Denver,  Colo.  (1,438,000),  and  with  other 
smaller  populations  centers  spread  along  the  Front  Range. 
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e.     Northern  Great  Plains 


Location:      This  region  extends   along  the   Canadian  border, 
encompasses   the  northern  portion  of  Montana  and   the  entire  State 
of  North  Dakota,   and   extends   though  the  central   portion  of   South 
Dakota. 

Topography  and  Elevation:      The  region  is  comprised   of   smooth, 
rolling  plains  on  which  spring  wheat  thrives   if  enough  moisture 
is  available.      Elevations   range   from  1,000  to  4,000  feet. 

Climate:      Average  annual   precipitation  ranges   from   10  to  24 
inches  and  most   of  it  occurs  during  the  growing   season.      Average 
annual   temperatures  are  40°    to  45°F.      The   freeze-free  season 
ranges   from  100   to  145  days. 

Geology:      Like  most   of  the  Great   Plains  area,   the  region  is 
underlain  by  Precambrian  basement  rock  and   covered   by  sedimentary 
rock.      Rich   fertile   soils  are   predominant. 

Water:      The  Missouri  River   system  flows  through  this  region,   but 
most   of   the  agriculture   is  dryland   farming  with  irrigation  from 
the  river  only  in   floodplain  and   adjacent  areas. 

Population  Centers:      The   population  density  of  the  region  is  low. 
Bismarck  (42,113),   Grand   Forks   (42,052),   and  Fargo   (58,256), 
North  Dakota;   and  Pierre   (12,110),    South  Dakota,   are  the  main 
urban  centers. 


f .      Western  Great  Plains  Rangeland 


Location:      This  region  has  a  north-south  alignment  and   stretches 
from  western  Montana  through  western  Wyoming,   eastern  South 
Dakota,   into   north  central   Nebraska  along   the  Platte  River, 
eastern  Colorado,   and  east-central   New  Mexico.      It   is  comprised 
of   the  high  plains  and   foothill  regions   just  east  of   the  Rocky 
Mountains. 

Topography  and   Elevation:      Elevation  on  these  dissected   plains 
and   foothills   ranges   from  2,000  to  7,000  feet,   with  an  average  of 
4,000  feet. 
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Climate:   Average  annual  precipitation  is  10  to  25  inches,  and  is 
spread  over  the  months  from  mid-spring  to  autumn.   Temperatures 
average  45°F,  but  are  colder  in  the  north  and  warmer  in  the 
south. 

Geology:   The  region  is  Precambrian  covered  by  sedimentary  rock 
composition,  as  is  most  of  the  Great  Plains.   Reddish  brown  soils 
cover  much  of  the  region. 

Water:   The  Platte  River  system  flows  through  the  region,  but 
little  is  used  for  irrigation.  Dryland  farming  is  prevalent,  as 
is  rangeland  grazing. 

Population  Centers:  Rapid  City,  South  Dakota  (53,070);  Casper, 
Wyoming  (46,903),  and  Roswell,  New  Mexico  (39,511)  are  the  main 
urban  sites. 


Central  Great  Plains 


Location:   This  region,  extends  from  southern  Nebraska  through 
western  and  central  Kansas,  western  Oklahoma,  and  the  Texas 
panhandle  and  rolling  plains  areas.   The  land  is  used  primarily 
for  rangeland  and  winter  wheat  production. 

Topography  and  Elevation:   This  is  a  region  of  hills  and  rolling 
plains,  ranging  from  1,000  to  5,000  in  elevation. 

Climate:   15  to  30  inches  of  precipitation  fall  on  this  region, 
mostly  during  the  summer  months.   Average  annual  temperatures 
range  from  50°  to  65 °F,  and  the  freeze-free  period  ranges  from 
150  to  240  days. 

Geology:   The  geology  of  the  region  is  precambrian  sedimentary 
rock.   Soils  typical  of  the  prairies  are  prevalent. 

Water:   The  Red  and  Arkansas  Rivers  flow  through  the  region  and 
provide  irrigation  water  for  adjacent  land,  but  groundwater  is 
the  main  supply  for  irrigation  (Ogallala  Aquifer).   Center  pivot 
systems  are  prevalent  in  the  region. 

Population  Centers:   The  sparsely  populated  region  has  urban 
centers  at  Lincoln,  Nebraska  (166,311);  Wichita,  Kansas 
(391,000);  Oklahoma  City,  Oklahoma  (762,000);  and  Lubbock,  Texas 
(200,000). 
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h.   Southwest  Plateau  and  Rangeland 


Location:   This  small  region  lies  within  southwestern  Texas. 

Topography  and  Elevation:   The  plains  and  plateaus  of  this  region 
range  In  elevation  from  sea  level  to  4,000  feet. 

Climate:   Although  the  average  annual  precipitation  Is  20  to  30 
Inches,  the  average  annual  temperature  Is  high  (60°  to  yO'F), 
making  the  effectiveness  of  the  precipitation  low  due  to  high 
evaporation.   The  seasonality  of  the  precipitation  Is  divided 
between  the  spring  and  the  autumn. 

Geology:   Sedimentary  layers,  primarily  limestone,  are  found  over 
Paleozoic  Age  rock. 

Water:   The  Rio  Grande  provides  some  Irrigation  water  within  Its 
floodplaln,  but  the  aquifers  underlying  much  of  the  region 
provide  groundwater  for  livestock  and  domestic  needs. 

Population  Centers:   San  Antonio,  Texas  (996,000)  Is  the  main 
population  center  of  the  region. 
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Appendix  B,   Cllmatologlcal  Conditions 


Introduction 


The  main  characteristic  of  arid  and  semiarid  lands  is  the 
scarcity  of  precipitation  or  moisture,  a  condition  which  is 
directly  affected  by  other  elements  of  the  climate,  such  as 
temperature,  sunshine,  wind  and  moisture  conditions,  and  their 
extremes.   See  figures  B-1  &  B-2.   Two  climatological  extremes 
common  to  the  study  area — drought  and  flash  floods-are  explained 
briefly  in  this  appendix. 

The  appendix  also  briefly  examines  the  effects  of  albedo  and 
climate  change  and  their  known  and  potential  impact  on 
desertification. 
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a.   Drought 

Drought  is  an  important  climatological  feature  of  arid  and  semiarid  lands 
because  it  may  trigger  or  intensify  desertification,  as  well  as  have  an 
economic  effect  on  the  local  and  regional  residents.   Drought  is  a  normal 
temporary  feature  of  the  climate  of  arid  and  semiarid  lands  which  occurs 
in  varying  patterns  and  frequency  throughout  the  U.S. 

There  exist  many  definitions  of  drought,  but  the  main  characteristic  is 
that  during  periods  of  drought,  areas  receive  only  a  fraction  of  their 
average  annual  precipitation.   The  length  of  the  drought  can  range  from 
a  few  months  to  several  years. 

It  is  important  to  distinguish  between  aridity  and  drought. 
Aridity  is  a  permanent  climatic  condition  of  low  average 
precipitation.   Drought  is  a  temporary  phenomenon  in  which 
precipitation  is  significantly  lower  than  average  (Rosenberg 
1978). 

Droughts  involve  great  uncertainty  in  terms  of  where  and  when 
they  will  occur,  duration,  severity,  and  extent  of  impacts. 
Drought  severity  is  measured  in  terms  of: 

— Actual  precipitation  In  comparison  to  the  average  annual 
precipitation; 

— Length  of  drought; 

— Season  of  drought; 

— frequency  of  drought  (Heath  1978). 

Because  we  cannot  as  yet  predict  the  occurrence  or  the  severity 
of  drought,  it  is  necessary  to  have  alternative  resources 
management  plans  prepared  for  drought  occurrences  so  as  to 
ameliorate  their  short-and  long-term  Impacts  (WESTPO  1978).   See 
figure  B-3. 


b.   Flash  Floods 


Flash  floods  are  produced  by  highly  localized  and  abundant 
rainfall  caused  by  occasional  slow-moving  weather  fronts; 
orographic  lifting  and  thus  cooling  of  warm,  moist  air;  and 
"Mexican  hurricanes"  or  tropical  low  pressure  centers  which  move 
from  the  Pacific  onshore  in  Mexico  and  then  northerly,  or 
northeasterly  into  the  arid  and  semiarid  regions  of  the  U.S. 
Flash  floods  also  occur  due  to  physiographic  conditions  such  as 
watershed  relief,  drainage,  geology,  topography,  the  existing 
vegetation,  and  hydrologic  conditions. 
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Rainfalls  of  3  1/2  Inches  in  1  hour  are  not  unusual  in  the 
Western  States.   (Renard  1970).   There  are  reports  of  1.17  inches 
in  3  minutes  (Bigger  1959),  and  even  of  7  inches  in  30  minutes 
(Hoyt  1955).   While  the  more  intense  rainfall  usually  comes  at 
the  beginning  of  the  storm,  it  may  be  followed  by  an  hour  or  more 
of  less  intense  rainfall,  producing  a  great  deal  of  runoff.   In 
one  flash  flood  in  Arizona,  streams  rose  5  to  10  feet  per  hour, 
and  one  creek  crested  at  36  feet  over  the  normal  level  (NCAA 
1971). 

Flash  floods  do  considerable  damage  to  property,  soil,  plants, 
animals,  and  people.   Severe  erosion,  silt,  and  sediment  in 
waterways  are  the  immediate  manifestations  of  flash  floods,  but 
the  loss  of  flora,  fauna,  and  nutrients  is  of  great  import  as 
well. 


c.  Albedo 


Albedo  is  the  portion  of  incoming  solar  radiation  which  is 
reflected  back  into  the  atmosphere.   Light-colored  objects  (e.g., 
clouds)  reflect  back  more  radiation  and  thus  have  more  albedo. 
Because  the  arid  areas  have  characteristically  clear  skies,  they 
have  a  low  atmospheric  albedo.   Much  of  the  incoming  solar 
radiation  is  absorbed  by  the  land  which,  in  turn,  raises  the 
surface  and  soil  temperatures. 

The  amount  and  distribution  of  the  vegetation  covering  the  soil 
affects  the  albedo  of  the  land.   Dry,  bare  lands  have  a  higher 
surface  albedo  than  do  humid,  densely  vegetated  lands  because 
more  solar  radiation  reaches,  and  is  reflected  by  the  ground. 
An  increase  in  surface  albedo  unfavorably  alters  the  water  budget 
and  runoff,  allowing  the  soil  to  be  further  degraded,  with 
desertification  as  a  result.   Surface  albedo  is  increased  by 
activities  such  as:   overgrazing,  indiscriminate  use  of  fire, 
deforestation  for  slash-and-burn  agriculture  or  for  fuel  and 
timber;  and  salinization  of  soils.   This  occurs  partly  because  of 
the  destruction  of  vegetation,  and  partly  because  of  the  creation 
of  salt  flats  with  very  high  albedo  jates  (Sagan,  1979).   The 
variation  of  climate  is  a  long-term  process  caused  by  natural 
conditions,  such  as  the  changes  which  occured  during  the  ice 
ages.   The  changes  are  over  such  a  long  stretch  of  time  that 
there  is  little  control  or  concern  over  them.  Variability  of 
climate,  however,  is  a  normal  short-term  phenomenon  common  to  all 
climates,  but  more  pronounced  in  dry  climates,  which  both 
concerns  and  can  be  Impacted  by  human  actions.   For  example,  the 
burning  of  fossil  fuels  and  the  changes  in  natural  vegetation 
have  led  to  steadily  Increasing  atmospheric  concentrations  of 
carbon  dioxide  (C02). 
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Recent  studies  have  shown  that  the  continuation  cf  this  trend 
will  lead  to  double  the  simount  of  C02  in  the  atmosphere  by  the 
first  half  of  the  21st  century.  This  condition  could  result  in 
the  warming  of  the  earth's  surface  between  2°C  and  S.S'C,  with 
greater  increases  at  higher  latitudes.  The  uncertainty  of  the 
estimate  is  due  to  the  imperfect  ability  to  predict  the  future 
behavior  of  both  human  and  biospheric  activity  (NAS  1979). 

The  increase  in  temperatures  could  have  stong  impacts  on  climate, 
due  to  shifts  in  the  distribution  of  climatic  regimes.   (It  is 
probable  that  the  impact  of  climate  change  could  be  delayed  by 
the  capacity  of  the  deeper  oceans  to  absorb  heat,  but  when  that 
equilibrium  is  reached,  the  warming  will  occur  (NAS  1979).)   Any 
changes  in  climate  will  have  many  impacts  along  a  chain  of 
reaction,  from  direct  crop  impacts  to  the  effects  on  farm  or 
pastoral  management,  the  external  markets,  and  on  the  supplies  of 
energy,  fertilizer,  and  fisheries  (Hare  1980). 
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Figure      B-3 
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Appendix  C:      Soil 

The   soils   of  arid  and   semlarld   lands  have  characteristics   which 
make   them  prone   to   erosion,   waterlogging,  and/or  sallnlzatlon. 
These   characteristics  are  discussed   In  this   section. 

Soil   Is  the  mlnersil  and   biologically  active   portion  of  the 
earth's   surface  which  supports  vegetative  growth.      Some  of   the 
characteristics  that  determine  the   types  of   soils  are: 

o  content   of   sand  and   clay 

o  acidity  or   alkalinity 

o  depth 

o  porosity 

o  permeability 

o  color 

o  organic  matter  content;  and 

o  temperature. 

Soils  of  the  arid  regions  of  the  United  States  belong  principally 
to  the  Aridlsol,  Mollisol,  Entlsol,  Alfisol,  Vertlsol,  and 
Ultlsol  soil  orders  (Dregne  1976).   Upland  soils  are  usually 
medium- to-coarse  textured;  soils  of  topographic  depressions  and 
along  the  coastal  plains  of  Texas  are  fine-textured;  and  soils 
found  on  river  flood  plains  are  of  variable  textures.  Most  of 
the  soils  have  slightly  acid  to  alkaline  reaction  (ph)  and  are 
calcareous  at  depths  of  less  than  6  feet  (2  meters).   Organic 
matter  contents  are  low,  and  soil  structure  is  weakly  developed. 

The  USGS  National  Atlas  of  1970  defines  the  cited  orders  of  soil 
as  follows : 

Alfisols:   soils  with  gray  to  brown  surface  horizon,  medium  to 
high  base  supply,  and  subsurface  horizons  of  clay  accumulation. 

Aridlsols:   soils  with  pedogenic  horizons,  low  in  organic  matter, 
usually  dry. 
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Entisols:   soils  with  nearly  black,  organic-rich  surface  horizon 
and  high  base  supply. 

Ultisols:   soils  vrith  horizons  of  clay  accumulation  and  low  base 
supply. 

Vertisols:   cracking  clay  soils. 

c.   Capability  Classification 


Soil  is  classified  by  agricultural  suitability  into  land 
capability  classes  I-VIII,  which  are  defined  in  the  glossary. 
Higher  numerals  indicate  greater  limitations  and  narrower  choices 
for  agricultural  use.   Figure  C-1  shows  the  relatively  small 
amount  of  privately-owned  land  suitable  for  cultivation  in  the  17 
Western  States.   Comparable  data  for  federally  owned  land  is  not 
available;  however,  it  is  generally  acknowledged  that  a  larger 
proportion  of  federal  land  is  in  classes  IV  through  VIII. 

It  is  a  BLM  goal  to  have  soil  surveys  for  federal  lands  completed 
by  1989.  The  USDA  is  assessing  land  capability  classification  of 
these  same  lands. 
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Appendix  D:   Water 


Introduction 


The  main  characteristic  of  the  hydrology  of  arid  and  semiarid 
regions  is  the  scarcity  of  the  water  circulating  through  the 
system.   Since  evaporation  exceeds  precipitation,  an  imbalance 
between  supply  and  demand  results  when  development,  agricultural 
or  other,  is  attempted.   To  compensate  for  these  differences, 
large  waterworks  to  impound  and  transfer  surface  waters  have  been 
built,  and  groundwater,  the  other  basic  and  sometimes  unique 
supply,  has  been  tapped  through  the  years.   In  some  cases, 
groundwater  is  exploitatively  managed,  resulting  in  the  sustained 
mining  of  the  resource.   From  these  conditions,  actual  and 
potential  conflicts  between  old  and  new  water  uses  and  users  have 
emerged  that  will  have  to  be  resolved  in  order  to  maintain  or 
regain  the  good  health  of  our  arid  regions. 


Input  to  the  System 
(1)  Surface  Water 


Input  into  the  hydrologic  system  is  from  precipitation  in  various 
forms  which  doesn't  necessarily  enter  at  the  time  or  location  of 
use.   Rivers  and  other  bodies  of  surface  waters  may  have  their 
sources  far  from  their  course  and  be  fed  by  precipitation  outside 
the  drylands.   Runoff  from  precipitation  in  the  arid  regions  also 
augments  the  flow  of  rivers,  but  rainfall  is  highly  variable  in 
time  and  area  affected.   The  intensity  of  precipitation  is 
usually  the  important  factor  in  the  runoff  occurence  in  arid  and 
semiarid  lands  as  the  duration  of  precipitation  is  generally 
short.   Topographic  and  geological  factors  such  as  degree  of 
slope,  soil  and  rock  morphology,  and  other  aspects  also  affect 
runoff.   Snowmelt  from  mountains  represents  a  large  component  of 
the  runoff  volume. 

The  prinicipal  rivers  of  the  Western  U.S.  which  receive 
precipitation  runoff  and  from  which  water  is  withdrawn  to  satisfy 
human  needs,  and  the  major  drainage  basins  are  shown  in  figures 
D-1,  D-2  and  in  table  D-1. 
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(2)  Ground  Water 


Ground  water  Is  an  important  source  of  %»ter  supply  In  the 

Western  States.   It  is  estimated  that  there  are  approximately  6.2 

million  acre-feet  of  water  in  storage  at  depths  of  50  to  200  feet 

in  the  11  Western  States  (BuRec,  1975).   However,  the  amount  recoverable  is  not 

known  because  of  unanswered  questions  concerning  location  of 

supplies  with  respect  to  users,  physical  data  in  depth  and  nature 

of  aquifer,  pumping  costs,  ground  water  quality,  and  social 

policies  toward  mining  ground  water. 

Ground  water  resources  are  located  in  aquifers  that  also  are  fed 
by  precipitation.   In  some  cases,  the  rainfall  occurred  over  long 
periods  of  time  and  slowly  accumulated  in  porous  underground 
formations.   Because  aquifer  recharge  is  so  slow,  this  resource 
should  be  treated  as  nonrenewable,  and  in  fact,  we  are  mining 
ground  water  in  several  locations  throughout  the  Great  Plains  and 
Western  States  (See  figures  D-3  and  D-4). 

Two  types  of  aquifers  are:       consolidated  or  rock  aquifers, 
and  unconsolidated  aquifers.   The  kinds  of  consolidated  aquifers 
in  the  Western  U.S.  are  mainly  sandstone,  carbonate  rock,  a 
combination  of  both,  and  volcanic  rock.   The  unconsolidated 
aquifers,  which  are  extensive  throughout  the  West,  generally  have 
specific  yields  ranging  from  10  to  20  percent  of  volume  but  a 
wide  range  of  permeabilities  due  to  varying  size  and  distribution 
of  interstices  between  the  grains.   Beds  of  sand  and  gravel 
commonly  yield  a  few  hundred  to  a  few  thousands  gallons  per 
minute  of  water  to  wells. 

Volcanic  rocks,  primarily  basalt,  occurring  mainly  in  the 
Northwest  generally  have  low  specific  yields,  ranging  from  less 
than  1  percent  to  about  3  percent,  depending  on  the  width  and 
distribution  of  fractures.   Yields  of  a  few  hundred  gallons  per 
minute  of  water  from  wells  in  sedimentary  rocks,  especially 
limestone  and  dolomite,  are  common.   Consolidated  sandstone 
contains  excellent  aquifers  in  parts  of  the  Great  Basin,  the 
western  Missouri  River,  and  the  Rio  Grande  regions.   Yields  of 
wells  completed  in  limestone  commonly  range  from  a  few  hundred  to 
a  few  thousand  gallons  per  minute,   the  yields  of  wells  completed 
in  sandstone  generally  range  from  a  few  ten  to  a  few  hundred 
gallons  per  minute  (gal/min).   The  yield  of  %)ells  completed  in 
shale  generally  is  less  than  10  gal/min.   Crystalline  rocks, 
widespread  throughout  the  Rocky  Mountains,  generally  jrield  less 
than  10  gal/min  to  wells,  but  they  do  provide  adequate  water  for 
domestic  supplies  at  many  mountain  homesites. 
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On  the  Great  Plains,  there  is  a  large  system  of  ground  water  in 
unconsolidated  sand  and  gravel  aquifers.   Most  of  the  large-scale 
pumping  for  agricultural  use  occurs  in  this  type  of  aquifer.   In 
Nebraska  alone,  there  are  12,000  center-pivot  irrigation  systems, 
their  number  growing  by  40-60  percent  annually.  Water  use  is 
estimated  at  407,000  gallons  per  acre  per  year.   There  are  also 
large  concentrations  of  wells  in  the  central  California  valley, 
in  the  Phoenix-Tucson  area  of  Arizona,  and  on  the  Texas  High 
Plains. 


Output  from  the  System 


Hydrological  output  from  the  system  includes  evaporation, 
evapotranspiration,  seepage  and  runoff. 

Evaporation  and  evapotranspiration  represent  significant  water 
losses  from  water  surfaces,  soil,  and  plants,  effectively 
reducing  the  amount  of  available  water  in  an  already 
water-deficient  region.  Plants  transpire  water  by  taking  it  from 
the  soil  through  the  root  system  and  by  releasing  humidity 
through  their  leaves.   It  has  been  calculated  that  crops  under 
irrigation  consume  41%  of  the  gross  diverted  water  by 
evapotranspiration.   See  figure  D-5.   Uncontrolled  growth  of 
certain  plants  such  as  phreatophytes  which  transpire  large 
quantities  of  water  can  drastically  reduce  the  water  available 
for  desirable  plants. 

The  loss  of  water  by  seepage  into  the  ground  under  rivers  and 
reservoirs  also  is  significant.  Most  of  this  water  does  not 
percolate  to  aquifer  formations  from  which  it  could  be  pumped  out 
and  used,  so  it  is  unavailable. 

Runoff  is  the  largest  output  from  the  system  and  may  be  defined 
as  the  precipitation  that  eventually  flows  into  streams,  either 
as  surface  runoff  or  as  runoff  from  ground  water.  Rainfall  that 
reaches  the  surface  of  the  ground  initially  infiltrates  the  soil, 
but  once  the  capacity  of  the  surface  to  hold  water  is  exceeded, 
water  begins  to  flow  across  the  ground  in  trickles  or  sheets 
under  the  influence  of  gravity.   This  is  surface  runoff.   Surface 
runoff  increases  from  small  rivulets  at  the  beginning  of  a 
rainstorm  to  a  steady  torrent  if  the  rain  lasts  long  enough  to 
saturate  the  storage  mechanisms  in  and  on  the  soil.   Toward  the 
end  of  a  prolonged  rain,  nearly  all  of  the  water  that  reaches  the 
ground  joins  the  surface  runoff. 
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In  contrast  to  the  rapid  variation  of  surface  runoff  in  response 
to  precipitation,  ground  water  runoff  provides  a  much  steadier 
flow  of  water  to  streams  (Muller  1974). 

Runoff  from  ground  water  supplies  the  base  flow  that  maintains 
rivers  through  periods  of  drought,  however,  base  flow  is  rather 
insignificant  in  arid  and  semiarid  lands  (See  figures  D-6  to 
D-9). 

In  the  dry  Western  States,  the  unpredictable,  erratic  intensity 
of  rainfall,  sometimes  in  conjunction  with  unfavorable  soil 
traits,  may  increase  the  amount  of  runoff  leaving  the  system, 
thus  decreasing  the  available  moisture  needed  for  plant 
production.   Figure  D-10  shows  the  variability  of  flow  of  the 
Colorado  Jliver  at  Lee  Ferry,  Arizona  over  78  years. 
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Table  D-1 

Comparative  Water  Supply  of  Principal  Western  River  Basins   (mgd) 

Water  Resources                  Current  Streamflow'  Natural   Outflow"^ 

Council   Region                        at  Outflow  Point^  af  Outflow  Point 

Missouri   Region                               44,100  61,525 

Arkansas-White-Red  Region             62,600  67,694 

Texas-Gulf  Region                           28,270  35,626 

Rio  Grande  Region                             1,230  5,309 

Upper  Colorado  Region                    10,000  13,956 

Lower  Colorado  Region                      1,550  13,351 

Great  Basin  Region                           2,562  5,976 

Pacific  Northwest  Region            255,270  268,523 

California  Region                             47,375  68,050 


Current  Streamflow  -  Mean  flow  for  1975,  derived  from  historical   data; 
data  includes  effects  of  consumption,  water  transfers,  evaporation, 
and  ground-water  overdraft. 

^At  Outflow  Point  -  All   streamflow  measured  at  the  downstream  edge  of 
the  subregions  and  regions. 

^Natural  Outflow  at  Outflow  Point  (natural   available  streamflow)  - 
Estimate  of  streamflow  without  artificial   manmade  constraints  for 
comparison  with  current  streamflow.     Natural    flow  indicates  the  average 
potential    runoff  available  from  precipitation  before  introducing  human 
effects.     It  is  not  truly  natural   stremflow  because  vegetation  and 
runoff  patterns  have  been  altered  by  man. 

natural   outflow  =  current  streamflow 

+  total   depletions 

-  net  imports 

-  ground-water  overdraft  where 

total  depletions  =  consumption 

+  net  evaporation 
'  +  net  exports 

Source:  Water  Resources  Council,  The  Nation's  Water  Resources,  Vol.   3,  1978, 
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Figure    D-7 
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BuRec,  USDI 
Source:    /  Critical  Water  Problems  Facing  the  Eleven  Western 
States.  April,  1975. 
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Figur«    D-8 
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220  240 


Source:  Walter  L.  Moore  and  Carl  W,  Morgan,  Effects  of  Watershed 

Changes  on  Streamflow,  Austin:  Center  for  Research  in  Water 
Resources  of  the  University  of  Texas,  1969, 
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Source:  Walter  L,  Moore  and  Carl  W.  Morgan,   Effects  of  Watershed 

Changes  on  Streamflow.  Austin;  Center  for  Research  in  Water 
Resources  of  the  University  of  Texas,  1969. 
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Appendix  E;   Ecological  Regions 


Introduction 


Desertification  affects  the  biological  as  well  as  the 
nonbiologlcal  components  of  an  ecosystem  because  the  conditions 
of  soil,  water,  flora  and  fauna  have  a  direct  effect  on  one 
another.   To  better  understand  the  Impact  of  the  desertification 
processes,  a  general  description  of  the  ecoreglons  of  the  arid 
domain  is  presented  In  this   chapter.   The  ecoreglons  presented 
here  (Figure  E-1)  are  simplified  versions  of  those  presented  In 
Robert  G.  Bailey's  book  Description  of  the  Ecoreglons  of  the 
United  States.   In  general,  the  regions  overlap  with  the  Great 
Plains,  Mountain,  and  Pacific  regional  divisions  (Figure  III-l) 
and  also  with  the  geographical  regions  (Figure  A-1);  however,  the 
overlaps  are  not  exact.   There  has  been  no  attempt  to  separate 
and  indicate  either  pristine  or  present  conditions,  although  some 
land  is  in  nearly  pristine  condition  having  minimal  disturbance, 
while  other  land  is  almost  completely  altered  by  human 
modification. 


Ecoreglons 
a.   Northwest  Grassland  Ecoregion 


Vegetation:   This  ecoregion  was  once  dominated  by  grasses,  but 
now  large  areas  are  cultivated  for  wheat  production.   Most  of  the 
remainder  of  the  region  is  vegetated  by  sagebrush,  which  has 
proliferated  because  of  heavy  grazing  of  more  palatable  plants  by 
both  domestic  and  wild  animals. 

Fauna:   Wild  animals  which  can  inhabit  the  sagebrush  cover 
Include  pronghorn  antelope,  deer,  bobcats,  coyotes,  and  species 
of  birds  and  reptiles  suited  to  shrub  vegetation  existence.  The 
grazing  wildlife  are  often  in  competition  with  the  domestic 
animals  for  available  forage. 
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b.   California  Ecoreglon 


Vegetation:   The  vegetation  of  this  -ecoreglon  Is  very  distinct 
because  of  the  extreme  seasonality  of  precipitation  between  the 
wet  winter  and  the  dry  summer.   The  vegetation  Is  predominately 
hardleaved  evergreen  trees  and  shrubs  called  sclerophyll 
woodland.    The  type  Is  called  sclerophyll  because  the  leaves 
contain  thick,  hard  walls  In  their  cells  to  help  prevent 
excessive  moslture  loss  and  wilting  during  the  extremely  dry  and 
often  hot  summers.   The  other  vegetation  of  this  ecoreglon  was 
once  predominately  grassland,  but  It  has  been  largely  replaced  in 
sections  by  fruit  and  vegetable  crops  and  extensive  acreage  of 
grains.   Large  areas  of  shrubs  such  as  creosote  and  chaparral 
exist  in  the  southern  part  of  the  region. 

Fauna:   The  larger  wildlife  mammal  species  such  as  the  California 
grizzly,  wolf,  and  the  larger  ungulates  (hoofed  mammals)  have 
generally  disappeared  from  the  region  due  to  urbanization  and 
intensive  agricultural  use  of  the  land.   Large  domestic  livestock 
are  prevalent,  with  California  ranking  seventh  in  the  nation  in 
both  cattle  and  sheep  production  in  1977  (USDA  1977).   Wild  horse 
and  burro  populations  are  significant.   Smaller  wild  mammals  such 
as  coyote,  rabbits,  and  rodents  are  able  to  live  near  the  cities 
and  in  the  woodlands.   Several  species  of  birds  and  reptiles  are 
present  in  the  region,  but  amphibians  and  fish  can  exist  only  at 
large  perennial  reservoirs  because  small  reservoirs  often 
evaporate  completely  during  the  hot,  dry  summers. 


c.   Western  Shrub  and  Brush  Ecoreglon 

This  large  region  is  divided  into  smaller  sections  by  the  type 
and  density  of  shrub  and/or  brush: 

1.  Great  Basin 

2.  Colorado  Plateau 

3.  Southwestern  U.S.  Desert 

4.  Chihuahuan  Desert 

5.  Wyoming  Basin 

(1)  Great  Basin 


Vegetation:   The  Great  Basin  section  of  this  ecoreglon  Is 
dominated  by  sagebrush  and  other  shrubs,  such  as  shadscale, 
fourwing  saltbrush,  and  greasewood,  which  have  the  salt  tolerance 
necessary  to  withstand  the  salinization  of  soil  produced  by  the 
drainage  to  interior  basins.   On  the  slopes  of  the  hills  and 
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mountains  of  this  section,  the  vegetation  may  be  vastly  different 
due  to  lower  salinity,  summer  temperatures,  and  greater 
precipitation. 

Fauna:   Scarcity  of  potable  water  and  desirable  forage  makes 
large  wild  species  of  mammals  such  as  deer  sparse.   Jackrabbits, 
kangaroo  mice,  snakes,  and  hawks,  which  are  adapted  to  dry 
environments,  are  relatively  plentiful.   Much  of  this  area  is 
federally  owned  and  livestock  grazing  permits  are  issued.   Wild 
horses  and  burros  also  graze  in  the  area. 


(2)  Colorado  Plateau 


Vegetation:   In  the  lower  altitudes  of  the  Colorado  Plateau 
section,  vegetation  types  include  cactus  and  yucca,  sparse 
grasses,  and  sagebrush.   Higher  altitudes  of  this  dry  plateau  are 
chiefly  covered  by  pinyon  and  juniper,  woodlands  while  pine  and 
spruce  forests  are  prevalent  in  the  higher,  more  moist  locations. 
Highly  variable  and  erratic  precipitation  makes  dry  farming 
impractical,  as  unreliable  water  resources  for  irrigation  hamper 
large  cropping  efforts.  Most  of  the  land  is  then  used  for 
livestock  grazing. 

Fauna:   Because  of  the  proximity  of  the  mountain  forests  and 
woodlands,  larger  wild  animals  such  as  elk  and  pronghorn  can  be 
found  in  this  region,  though  they  seldom  range  deeply  into  the 
arid  lowlands.   Animals  such  as  jackrabbits  and  rattlesnakes 
which  are  adapted  to  arid  lands  live  in  the  lower  altitudes. 
Domestic  cattle  and  sheep  graze  the  short  grasses  and  some  of  the 
brush  species. 


(3)   Southwestern  U.S.  Desert 


Vegetation:   In  this  section,  which  encompasses  the  U.S.  portions 
of  the  Mojave,  Colorado,  and  Sonoran  Deserts,  there  is  only 
sparse  vegetation  with  bare  ground  conspicuous.    Cacti  and 
shrubs  such  as  creosote  and  mesquite  predominate.   Upland  areas 
may  contain  plants  such  as  Joshua 


tree  and  juniper.   There  Is  livestock  grazing  In  some  areas,  but 
the  shortage  of  water  precludes  most  agricultural  endeavors. 

Fauna:   Many  species  of  desert  birds  and  reptiles  live  in  this 
section,  but  there  are  very  few  large  animals  of  any  type.   Most 
wild  animals  are  small  and  are  nocturnal  burrowers ,  thus  avoiding 
the  heat  of  the  desert  day. 


(4)   Chlhuahuan  Desert 


Vegetation:   In  the  U.S.  portion  of  the  Chlhuahuan  Desert  thorny 
shrubs  are  the  dominant  vegetation.   Short  forage  grasses  are 
found  In  association  with  the  shrubs,  but  this  region  has  a  low 
carrying  capacity,   Mesquite,  creosote,  and  ocotlllo  are  commonly 
found.   Phreatophytes,  such  as  mesquite,  tap  the  water  table  with 
their  deep  root  systems  but  waste  water  by  rapidly  transpiring 
it. 

Fauna:   In  addition  to  the  small  desert  animals  found  in  the 
Southwestern  U.S.  desert,  larger  animals  such  as  deer,  antelope 
and  javellna  are  found  in  the  Chlhuahuan  Desert  section  of  the 
Western  Shrub  and  Brush  Ecoregion  in  the  riparian  vegetation  of 
the  Intermittant  streams.   A  limited  number  of  domestic  livestock 
are  grazed  here. 


(5)   Wyoming  Basin 


Vegetation:   The  vegetation  of  this  basin  is  a  mixture  of  short 
grasses  and  shrubs  such  as  sagebrush,  shadscale,  or  alkali- 
tolerant  greasewood.   Some  wheat  is  dry-farmed,  and  some  feed 
crops  are  irrigated.   There  is  limited  livestock  production. 

Fauna:   In  this  sparsely  populated  and  largely  undeveloped 
section  wildlife  flourishes.   The  low  carrying  capacity  of  the 
land,  however,  intensifies  the  competition  for  available  forage 
between  wildlife  and  domestic  livestock.    Coyotes,  antelope,  and 
the  large  cats  such  as  mountain  lion  and  bobcat  are  the  primary 
larger  species  of  wild  animals,  and  the  smaller  species  include 
ground  squirrels,  rabbits,  and  rodents.  Migratory  animals  use 
this  basin  for  breeding,  feeding,  and  resting  during  their 
travels.   Migratory  waterfowl  ar  common  here. 
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d.   Rocky  Mountain  Ecoreglon 


Vegetation:   In  the  Rockies,  altitude  effects  the  amount  of 
precipitation,  temperature,  and  prevailing  winds,  thereby 
creating  belts  or  zones  of  different  vegetation.   The  highest 
zone  is  above  the  "timber  line"  and  has  the  short  grasses  and 
sedges  characteristic  of  tundra  vegetation.   The  next  lower  zone 
is  one  of  forests  of  spruce  and  fir  trees.   The  forests  of  the 
next  lower  area  are  of  pine  and  fir  trees.   Next  is  a  zone  of 
shrub  woodlands  dominated  by  pinyon  and  juniper.   Finally,  in  the 
dry  valleys  and  plains  beyond  the  mountain  foothills  are  the  arid 
sections  of  grasses,  shrubs  and  cacti.   Few  crops  are  cultivated 
here,  with  grazing  being  the  principal  agricultural  occupation. 

Fauna:   Large  wild  animals  are  common  in  this  altitudinal  zone's 
vegetation.   Bears,  elk,  and  mountain  lions  are  representative  of 
the  large  mammal  wildlife,  while  squirrels,  chipmunks,  and 
rodents  are  representative  of  the  smaller  species.  Domestic 
livestock  are  grazed  on  the  forage  grasses  of  the  middle 
vegetation  zones.  Many  varieties  of  birds,  reptiles,  amphibians, 
and  fish  inhabit  one  or  more  of  the  vegetative  zones  of  the  Rocky 
Mountains. 


e.  Great  Plains  Steppe  Ecoregion 


Vegetation:   The  ecoregions  discussed  here  and  the  physical 
regions  discussed  in  the  geographical  data  section  do  not  exactly 
coincide.   The  western  Great  Plains,  while  divided  mainly  by 
topography  into  three  physical  regions-the  Western  Great  Plains 
Rangeland-was  once  almost  completely  covered  by  short  grasses. 
The  common  name  of  typical  grass  of  the  area,  buffalo  grass, 
suggests  the  historical  importance  of  this  mammal  in  the  region. 
Though  grasses  predominate,  they  do  not  cover  all  the  land,  and 
bare  spots  are  common.  While  the  greater  part  of  this  region  is 
used  for  grazing,  there  is  extensive  acreage  in  dry-farmed  wheat 
and  some  irrigated  feed  crops  along  the  streams. 

Fauna:  Wild  animals  such  as  deer  and  antelope,  rabbits,  and 
prairie  dogs  are  plentful  throughout  the  section,  and  are  preyed 
upon  by  coyotes  and  other  predators.   Birds  such  as  grouse  are 
common,  and  the  livestock  grazing  development  of  the  area  has  led 
to  stock  ponds  useful  to  migratory  waterfowl. 
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f .  Great  Plains  Prairie  Ecoreglon 


Vegetation:   In  contrast  to  the  short  grass  ecoreglon  described 
above,  this  ecoreglon  Is  dominated  by  tall  grasses  such  as 
porcupine  grass,  little  bluestem,  and  western  wheatgrass.   The 
boundary  which  separates  the  tall  grasses  from  the  short  grasses 
is  indistinct  and  constantly  changing  with  the  precipitation 
variations  of  the  region  (McGlnnies  no  date).   There  are  some 
areas  of  mixed  short  and  tall  grasses,  but  large  vegetation  such 
as  trees  is  sparse  throughout  the  region. 

Wheat  production  dominates  the  agricultural  output,  with  other 
grains  such  as  sorghum  being  of  some  Importance  in  the  southern 
part  of  the  region.   Irrigation  from  ground  water  sources  is  used 
for  local  fruit,  vegetable  and  cotton  production.   Grazing  is 
still  an  important  agricultural  activity,  but  feedlot  cattle 
production  is  increasing. 

Fauna:   The  ecoreglon  is  populated  by  a  variety  of  mammals  which 
range  in  size  from  domestic  cattle  and  antelope  through  sheep, 
coyotes,  and  badgers  to  the  small  rodents  and  rabbits.   Birds  and 
reptiles  are  plentful,  as  are  amphibians  and  fishes  which  are 
abundant  in  and  near  the  steams  that  cross  the  area. 


g.   Southwest  Plateau  Brushland  Ecoreglon 


Vegetation:   This  area  is  characterized  by  grasses  mixed  with 
shrubs.   The  grasses  are  predominately  bluestem,  buffalo  grass 
andgrama ,  and  the  shrubs  (at  higher  elevations)  are  mainly 
mesquite  and  juniper.  Grazing  is  the  dominate  arglcultural 
activity,  but  crops  such  as  cotton,  wheat,  and  other  grains  are 
grown  where  conditions  permit.   The  lower  Rio  Grande  Valley  is 
warm  and  moist  enough  to  provide  for  citrus  fruit  and  winter 
vegetables. 

Fauna:   Livestock  are  predominant  in  this  area  with  much  of  the 
sheep  production  of  the  United  States  located  here.  Wildlife 
such  as  deer,  wild  turkeys,  armadillo,  and  quail,  as  well  as 
several  reptile  species,  are  abundant. 


h.  Riparian  Ecosystems 


While  riparian  ecosystems  throughout  the  western  United  States 
are  limited  in  size  and  scattered  throughout  the  ecosystems 
described  above,  their  ecological  Importance  merits  special 
attention. 
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A  riparian  ecosystem  consists  of  the  stream  and  streamslde  flora 
and  fauna  which  may  lace  Its  way  though  a  very  different  type  of ' 
environment.  Dryland  riparian  ecosystems  are  extremely 
important,  highly  productive,  linear  oases  in  the  surrounding 
arid  areas. 

Riparian  ecosystems  provide  soil  and  water  resources  for 
irrigated  agriculture  and  livestock  production  in  regions  where 
the  moisture  regimen  and  carrying  capacity  would  not  otherwise 
provide  them.   Recreational  uses  of  riparian  ecosystems  are  also 
important,  with  fishing,  cannoelng,  blrdwatching  and  other 
activities  dependent  on  the  stream.   In  general,  dryland  riparian 
systems  facilitate  the  exploration  of  the  adjacent  uplands,  thus 
enhancing  the  productivity  of  neighboring  arid  areas.   This  type 
of  ecosystem  often  contains  the  only  large  vegetation  species, 
such  as  Cottonwood  trees,  in  areas  where  grasses  and  shrubs 
predominate. 

For  wildlife,  riparian  ecosystems  provide  food,  water,  shade, 
cover,  and  migration  corridors  for  both  resident  and  migratory 
species.   Further,  amphibians  and  fish  depend  directly  on  the 
quality  and  quantity  of  the  water  in  the  system. 

There  are  some  Issues  and  conflicts  concerning  the  uses  of 
riparian  ecosystems  that  must  be  noted. 

1.  Human  intervention  may  adversely  impact  the  riparian 
ecosystem  wildlife. 

2.  An  Impact  on  the  system  may  be  produced  by  channeling  of 
streams  for  flood  control.   The  meandering  streams  are 
straightened,  and  the  blomass  of  riparian  vegetation  is  thus 
effectively  reduced. 

3.  Often  in  channeling,  the  steambeds  are  lined  with 
concrete  or  other  Impermeable  materials  that  prevent  water 
seepage.   Although  water  is  provided  dowstream,  the  riparian 
vegetation  is  strongly  Impacted,  often  irreversibly. 

4.  Programs  to  control  the  growth  of  phreatophytic  plants, 
so  as  to  reduce  water  losses  caused  by  their  abiindant 
evapotransplration,  may  result  in  the  deterioration  or  less  of 
wildlife  habitat  and  in  stream  bank  erosion. 

3.  Disturbed  riparian  ecosystems  may  further  deteriorate 
with  the  Invasion  by  less  productive  exotic  species,  such  as  the 
tamarisk  (salt  cedar),  which  replace  beneficial  native 
Cottonwood. 
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6.  Reduced  stream  flow  resulting  from  Increased  Irrigation 
and  municipal  withdrawals  Imposes  stresses  on  riparian  flora. 
Even  though  some  types  of  vegetation,  such  as  cottonwlnd  trees, 
can  remain  viable  for  up  to  two  years  without  stream  flow,  they 
too  will  eventually  disappear. 

7.  Frequent,  often  dally,  fluctuations  In  dam  water  levels, 
due  to  releases  of  water  for  power  generation,  may  damage 
downstream  riparian  ecosysems  because  of  the  periodic  flooding 
and  desslcatlon  plants  and  animals  are  subjected  to. 

The  desirable  characteristics  of  the  riparian  ecosystems  are 
precisely  the  reasons  for  the  excessive  or  exploitive  use  that 
may  occur,  causing  serious  and  extensive  degradation. 
Overgrazing,  excessive  logging  (recently  for  firewood),  unsound 
ORV  use,  diversion  and  export  of  water  resources,  among  other 
activities,  have  contributed  to  the  reduction  of  the  western 
riparian  ecosystems  to  an  estimated  10%  of  their  original  area 
(Johnson  1978). 
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Appendix  F;   Effect  of  Social  Structure 


Introduction 


The  composition  of  a  society  and  the  conditions  under  which  It 
functions  affect  the  reactions  of  a  given  population  in 
legislating,  funding,  and  implementing  policy  proposals. 

The  perceptions ,  real  or  not ,  of  the  impact  that  certain  proposed 
or  ongoing  activities  may  have  on  the  survieil  and  the  fulfillment 
of  Individual  and  community  needs  and  desires  are  crucial  in 
deciding  whether  to  undertake  and  whether  to  continue  the 
activities  in  question. 


b.   Factors  Affecting  Decisions 


Some  of  the  human  factors  influencing  the  decision-making  process 
are  age,  cultural  background,  level  of  income,  type  to  community 
activities,  population  stability,  etc.   Some  of  these  factors  are 
reflected  in  tables  F-1  through  F-A. 


The  combination  of  these  factors  or  the  effects  of  a  single  one 
may  result  in  different  decisions  which  could  affect 
environmental  quality  issues,  job  opportunities,  recreation 
activities,  development  of  natural  resources,  community  growth, 
etc.   For  example,  population  figures,  presented  in  Tables  F-5 
through  F-8 ,  indicate  that  the  Indian  population  is  increasing 
slowly  and  becoming  more  urban  in  residence. 

This  influences  the  land  use  of  reservations.   The  main  concern, 
in  general,  is  who  benefits  and  who  pays  the  bill,  and  the 
perception  of  the  financial  distribution,  which  may  or  may  not  be 
the  correct  one,  influences  the  selection  of  options.   In  a 
situation  in  which  there  are  losses  of  an  economic,  ecological, 
political,  or  any  other  nature,  that  may  threaten  Individual 
and/or  community  survival,  security,  esthetic  and  Intellectual 
needs,  the  options  to  be  followed  are  generally:   (a)  to  modify 
the  cause  so  as  to  reduce  the  frequency  of  events  that  result  in 
losses;  (b)  to  modify  the  process  by  which  the  losses  occur  or  to 
channel  the  forces  of  the  event;  or  (c)  to  modify  the  loss 
potential  so  as  to  reduce  the  losses  after  the  event  has  occurred 
(Cochrane  1875).   The  decisions  to  follow  either,  some,  or  all  of 
these  paths,  and  to  what  extent  and  direction,  are  functions  of 
the  factors  mentioned  above  and  others. 
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In  the  case  of  desertification,  its  social  impact  was  visible  and 
somewhat  measurable  during  the  dustbowl  years.   The  social, 
economic  and  technical  changes  of  the  last  decades  have  spurred 
the  belief  that  the  problem  no  longer  exists  or  that  it  has  been 
greatly  mitigated.   Unfortunately  these  perceptions  generate 
attitudes,  values,  and  hence  decisions  that  are  not  as  effective 
as  they  should  be  in  dealing  with  the  still-present 
desertification  problems. 
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Table  F-5 

American  Indian  Population  in  the  Western  States 


1960 

1970 

Great  Plains 

118,583 

178,455 

Kansas 

8,672 

Nebraska 

6.624 

North  Dakota 

14,369 

Oklahoma 

98,468 

South  Dakota 

32,365 

Texas 

17,957 

Mountain 

188,004 

235,439 

Ari  zona 

95,812 

Colorado 

8,836 

Idaho 

6,687 

Montana 

27,130 

Nevada 

7,933 

New  Mexico 

72,788 

Utah 

11,273 

Wyomi  ng 

4,980 

Pacific 

68,116 

137,914 

California 

91,018 

Oregon 

13,510 

Washington 

33,386 

Source:  U.S.  Bureau 

of  the  Census, 

Statistical  Abstract 

of  the  U.S.. 

,  1978. 
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Table  F-7 

American  Indian  Population  by  Urban-Rural  Residence 

Year  Total        Urban  Rural 

1960  524.000       146,000  378,000 

1970     '  793,000       356,000  437,000 


Figures  rounded. 

Figures  concern  the  nation  as  a  whole,  but  they  are  significant 
because  a  large  majority  of  the  American  Indians  live  in  the 
Western  U.S. 


Source:  U.S.  Bureau  of  the  Census,  U.S.  Census  of  Population, 
1960  and  1970,  vol .  1 . 
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Table  F-8 

American  Indian  Population  Figures 


1960  1970 

%   of  Total  %   of  Total 


Great  Plains  Region  32  32 

Mountain  Region  50  43 

Pacific  Region  18  25 

Total  Urban  28  45 

Total  Rural  72  55 


Figures  extrapolated  from  U.S.  Bureau  of  the  Census,  Statistical 
Abstract,  1978. 
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Appendix  G; 


Economic  Use 


The  impact  of  desertification  on  arid  and  semiarid  lands  economic 
systems  may  be  quite  high,  but  data  for  these  computations  is 
scarce,  sketchy  and  far  from  definitive.   Nevertheless,  the  need 
for  even  a  gross  assessment  of  such  impacts,  specifically  on  the 
agricultural  and  supporting  industries,  should  be  underscored. 
The  value  of  the  total  system  as  well  as  the  costs  of  arresting 
desertification  are  also  necessary  to  determine  whether  these 
efforts  ar  worthy  of  undertaking.   Some  current  economic  data  is 
presented  in  tables  G-1  and  G-2. 

VHiat  makes  the  evaluation  of  the  impact  localized  desertification 
intensity  and  length  especially  difficult  is  the  interdependence 
of  all  economic  sectors  and  components,  and  the  ripple  effect 
that  occurs  throughout  the  system.   Table  G-3  shows  the  estimatd 
total  annual  impact  of  $100,000  loss  in  dryland  crop  production 
on  Texas  industries.   The  table  reveals  that  by  the  time  the 
$100,000  ripple  has  spread,  it  has  enlarged  to  $374,000.   A  loss 
of  this  nature  is  far  from  uncommon  in  the  Western  U.S.  due  to 
the  highly  variable  annual  weather  conditions.   Table  G-4  shows 
what  has  happened  in  the  past  when  drought  hit  the  Western  U.S. 
in  the  1930's  and  1950's.   Crop  failures  increased  dramatically, 
and  related  business  and  services  also  suffered  economic  damage. 

The  energy  budget  of  the  argicultural  and  allied  industries  are 
of  primary  importance  in  deciding  which  management,  conservation, 
and  control  practices  should  be  adopted  to  cope  with 
desertification  when  it  occurs. 

For  example, 

In  Nebraska  alone  4,5  million  acres  are  now  irrigated  by  center 
pivot  irrigation  systems.   Each  year,  83  million  gallons  of 
diesel  fuel  are  necessary  merely  to  drive  the  pivot,  not 
including  pumping  of  groundwater  or  other  related  energy- 
onsumptive  uses.   There  are  now  near  40,000  center  pivot 
irrigation  systems,  and  these  are  increasing  by  40  to  60Z 
annually. 

(Also  see  table  G-5  and  figures  G-1  and  G-2).   The  increased 
intense  use  of  this  land,  plus  the  Increasing  demand  on  the 
groundwater  supply  and  associated  problems,  such  as  salinity 
buildup,  coxild  lead  to  a  desertification  situation.   In  such  a 
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case  the  energy  budget  needed  to  augment  «iater  supplies  and 
control  salinity,  added  to  the  energy  necessary  to  maintain  the 
level  of  production  (more  fertilizers  and  pesticides,  as  well  as 
water  treatment  costs)  should  be  calculated,  since  these  energy 
costs  are  Important  determinants  In  deciding  on  the  continuation, 
termination  or  change  of  procedures. 
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Figure       G-1 


ACRES  IRRIGATED 
WITH  PUMPED  WATER, 
BY  TYPE  OF  ENERGY  USED 


Natural  gas 


Gasoline 

mm 

h  i  i  > ■■ ■ J 


Diesel 

x:3.9.^ 


LP. 


MILUON  ACRES 


19741 


Source:  USDA,  1978  Handbook  of  Agricultural  Charts. 
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Figure      G-2 
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Figure  5C-4. — Location  of  irrigated  land,  1974. 
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Appendix  H; 

Land  Use  and  Land  Ownership 

Figure  H-1  and  tables  H-1  and  H-2  show  the  land  use  of  federal 
and  non-federal  land  for  the  United  States  and  for  the  17  Western 
States.   The  larger  land  use  of  non-federal  lands  is  for  cropland 
and  "other"  land  which  is  primarily  industrial  and  urban.  The 
larger  land  use  of  federal  lands  is  for  rangeland. 

This  section  discusses  mainly  how  agricultural  land  use  has  been 
modified  over  the  recent  years  and  some  of  the  effects  produced 
by  these  changes.   Through  the  years  land  has  gone  from  crop  to 
range,  to  urban  use,  to  forest,  and  vice  versa  as  can  be  seen  in 
Figure  H-2  and  table  H-3. 

Land  use  changes  of  both  temporal  and  spatial  nature  have  been 
caused  by  factors  such  as: 

1.  the  introduction  of  new  and  hybrid  commercial  crops, 
e.g.,  soybeans; 

2.  mechanical  and  technological  impro/ements; 

3.  increased  use  of  chemical  fertilizers; 
A.  increased  use  of  irrigation; 

5.  urbanization; 

6.  economic  incentives  and  disincentives;  and 

7.  desertification. 

In  the   1970' s,   land  that   had   been  taken  out   of   production  was  put 
back  into   cultivation  in   the   face  of   low  food   reserves,   increased 
food  demand   (especially   for   exports),  and   increased  economic 
constraints  for  the  farmer  so  as  to  meet  his  rapidly  rising 
costs. 

Tables  H-4  and  H-5  show  the  decrease   in  the  number  of   farms  and 
the   increase   in  the  average  acreage  of   farms.      This  is  a 
consequence  cf  the  need    for   larger   plots   for   the  use  of  larger 
and  more  efficient  machinery^      The  consolidation  of   small  owner- 
operated   farns   into   larger  cooperative-owned   agribusinesses 
resulted   alsc    in  large,    specialized,  raonocuitural   farms  with  an 
increased  use'  of  chemical    fertilizers,    pesticides,  and 
herbicides,   and  with  the   necessary  capital    to    Install   large 
irrigation  sjsteras  like  the  center-pivot  ones. 
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Urbanization  has  also  affected  land  use  changes  by:   (1)  directly 
taking  over  agricultural  land;  (2)  surrounding  agricultural  land; 
and  (3)  undermining  the  economic  structure  of  agricultural  land 
near  expanding  cities.   This  particular  change  is  of  special 
concern  since  in  general  it  is  the  fertile,  flat  land  with 
available  water  that  is  absorbed  by  urban  sprawl.   The  Soil 
Conservation  Service  (SCS)  estimates  that  about  80%  of  the 
available  cropland  in  the  U.S.  is  currently  being  cultivated. 
The  other  25%  can  be  converted  to  cultivation,  but  not  all  is  of 
the  same  quality.   Losses  of  productive  acreage  can  have  a  severe 
impact  on  current  and  future  agricultural  activities.   It  has 
been  estimated  that  for  each  acre  removed  by  urbanization, 
another  acre  is  surrounded  and  isolated  as  well,  thus  effectively 
removing  twice  the  developed  area.   The  SCS  estimates  that  each 
year  approximately  five  million  acres  disappear  from  the  rural 
land  reserve  (Little  1979).   This  figure  does  not  include  the 
acreage  under  impending  urban  expansion. 

The  process  works  this  way:   First,  land  prices  increase  as 
speculators  begin  to  recognize  the  development  potential  of  an 
area.   Then  farmers,  well  aware  of  what  is  happening,  become 
reluctant  to  invest  in  major,  long-term  improvements  for  their 
farms.   This,  in  turn,  may  adversely  affect  the  local  farm 
support  industries,  which  may  be  forced  to  relocate  or  go  out  of 
business.   By  the  time  early,  scattered  sublivisions  appear,  the 
local  agricuJtural  infrastructure  may  have  already  been  severely 
weakened  (Little  1979).   This  is  a  current  and  growing  process  in 
the  Western  States, 


Land  Ownership 


Table  H-6  shows  the  approximate  acreage  of  land  by  ownership  and 
by  State. 

Some  states,  especially  Nevada,  have  a  larg2  portion  of  their 
land  managed  by  the  federal  government./  See  tables  H-7,  H-8  and 
H-9.   In  others,  such  as  Texas,  land  is  mostly  privately  owned. 
Arizona  has  the  largest  percentage  in  state  ownership. 

Changes  in  land  use  have  led  to  some  land  ownership  changes,  such 
as  the  purchase  of  land  by  federal,  state,  and/or  leal 
governments  for  streets,  highways,  parks,  government  buildings  or 
the  sale  or  exchange  of  land  by  federal,  state,  and  local 
governments  to  the  private  sector.   The  changes  occuring  in  the 
last  few  years  have  generally  not  been  larg2  enough,  in  terms  of 
acreage,  to  significantly  alter  the  approxi.nate  figures  presented 
in  the  tables. 
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Table  H-4 

Farm 

Population 

(Thousands) 

Region 

1940 

Great  Plains 

4830 

Mountain 

1118 

Pacific 

1269 

1970 

1511 

445 

501 


Source:  U.S.  Dept.  of  Agriculture;  Economics,  Statistics, 
and  Cooperative  Service,  Farm  Population  Estimates, 
1910  -  1970  (Statistical  Bulletin,  No.  523) 
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Table   H-7 


Federally  Owned  Land 


Total  Land 
(1000  acres) 

Percent  Owned  by 
Federal  Government 

407.184 

3.0 

548,448 

49.1 

Region 
Creat  Plains 
Mountain 
Pacific  204.500  44.5 


Source:  U.S.  General  Services  Administration,  Inventory  Report 
on  Real  Property  Owned  by  the  United  States  Throughout 
the  World.  1977 
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Table   H-9 

Lands  Under  Jurisdiction  of  the  Bureau  of  Indian  Affairs 
as  of  September  30,  1978 
(acres) 

Ownership 

Tribal  41,678,875 

Individually  Owned         10,110,375 


Total  Trust  5"1 .789,250 

Federally  Owned  460,877 


Total  52.250,127 


Land  Use 


Open  Grazing  33,051,047 

Commercial  Timber  5,503,458 

Non-Commercial  Timber  7,452,904 

Dry  Farming  1,653,712 

Irrigation  Projects  841,777 

Private  Irrigation  183,753 

Wild  Land  except  Timber  3,478,497 

Other  Non-Agricultural  Uses     382,960 


Source:  Bureau  of  Indian  Affairs 
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Appendix  I:     Western  States'   Statements  on  Desertification 

Some  Western  states,  realizing  that  desertification  is  a  problem  within 
their  borders,  are  formulating  statements  on  desertification.     California's 
statement  is  included  here  as  an  example  of  such  an  assessment. 
Following  that,  sections  of  a  Water  Resources  Council    (WRC)  assessment 
present  a  state-by-state  summary  of  water  resources  issues  and 
management  policy. 
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INDICATORS  OF  DESERTinCATION  IN  CALIFORNIA 
Introduction 

California  presently  exhibits  some  significant  parallels  with  other 
parts  of  the  world  affected  by  the  process  of  desertification.  Hare 
(1977)  has  shown  that  most  of  California  shares  climatic  similarities 
with  other  parts  of  the  world  where  desertification  problems  are 
occurring.  Also,  a  large  portion  of  California  is  considered  to  be 
affected  by  this  process  to  a  slight  or  moderate  degree,  with  severe 
problems  occurring  in  some  desert  areas  (Dregne,  1978).  Supporting 
information  is  provided  by  the  California  Departments  of  Conservation, 
Forestry,  and  Water  Resources,  in  this  report.  Maps  and  tables 
indicating  the  general  location  and  areal  extent  of  various  problems  are 
presented  in  the  report.  However,  these  maps  and  tables  do  not  provide 
information  on  the  severity  of  these  problems.  Most  of  these  data  were 
derived  from  responses  of  Resource  Conservation  Districts  (RCD's)  to  a 
Department  of  Conservation  questionnaire.   (Department  of  Conservation, 
1979).  Where  specific  information  on  severity  is  known,  comments  will  be 
made  in  the  text  or  in  the  summary  at  the  end  of  the  report. 

California's  Desertification  Problems 
Dregne  (1973)  has  defined  desertification  as  the  process  of  the 
impoverishment  of  terrestrial  ecosystems  under  the  impact  of  man,  while 
Hare  (1977)  restricts  the  definition  of  the  process  to  the  degradation  of 
grassland,  scrub,  or  savanna  ecosystems.  In  California,  where  a  large 
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portion  of  the  State's  natural  environment  Is  comprised  of  grassland, 
scrub,  or  savanna  ecosystems,  the  indicators  of  such  impoverishment  are: 

-  accelerated  water  erosion; 

-  accelerated  wind  erosion; 

-  poor  soil  drainage  and  soil  salinity  increases; 

-  soil  compaction; 

-  invasions  of  undesirable  plants; 

A  description  of  each  problem,  its  location,  and  severity  follows. 
Most  of  the  tables  and  figures  are  divided  into  regions  of  California 
that  represent  U.S.  Soil  Conservation  Service  Administrative  Areas. 
Figure  1  shows  the  location  of  these  areas  and  the  counties  they 
encompass. 

Accelerated  Water  Erosion 

Water  Erosion  occurs  in  most  areas  of  the  State  (Figure  2,  Table  1). 
However,  it  is  a  serious  problem  on  sloping  croplands  surrounding  the 
Central  Valley  and  in  certain  areas  of  the  north  coast,  central  coast, 
and  southern  California.  The  problem  is  largely  associated  with  orchard, 
vineyard,  and  nonirrigated  grain  crops.  Serious  soil  erosion  has 
occurred  on  many  Southern  California  brushlands  cleared  and  planted  in 
avocados.  Slopes  as  steep  as  60%  have  been  utilized  for  these 
plantings.  Most  observed  areas  have  had  no  terracing  or  other  erosion 
control  measures  applied.  The  principal  areas  of  concern  are  northern 
San  Diego  County,  southwestern  Riverside  County,  and  the  steep  slopes 
facing  the  ocean  in  Ventura  and  Santa  Barbara  Counties.  Soil  loss  from 
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many  orchards  has  exceeded  200  tons  per  acre  but  estimates  have  not  been 
made  of  the  total  severity  of  the  problem.  It  occurs  on  about  one 
million  acres  of  steep  land,  primarily  on  soils  originally  formed  under 
oak  woodlands  where  chaparral  has  subsequently  invaded. 

Table  1 
Water  Erosion  Problems  Related  to  Land  Use* 


Cropland   Pastureland  Rangeland   Forestland  Urban 
(acres)      (acres)    (acres)      (acres)   (acres) 


Statewide 

1,975,000 

190,000 

6,200,000 

834,000 

341,000 

Area  I 

25,000 

28,000 

610,000 

95,000 

3,000 

Area  II 

134,000 

44,000 

961,000 

115,000 

1,000 

Area  III 

517,000 

-0- 

1,869,000 

336,000 

60,000 

Area  IV 

319,000 

37,000 

889,000 

93,000 

95,000 

Area  V 

787,000 

75,000 

1,046,000 

185,000 

114,000 

Area  VI 

191,000 

7,000 

824,000 

10,000 

68,000 

♦Source:  Department  of  Conservation  Inventory  (RCD  Questionnaire,  1978) 

Water  erosion  is  also  a  chronic  and  sometimes  acute  problem  on  the 

rangelands  of  the  State  (Table  1).  The  problem  is  related  to 

congregation  of  cattle  leading  to  overutilized  and  compacted  areas. 

Also,  the  problem  of  adjusting  herd  sizes  by  speculators  who  lease  out 

grazing  rights,  and  fail  to  exercise  the  soil  stewardship  a  resident 

landowner  might  be  expected  to  follow,  compounds  the  problem. 
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Soil  erosion  on  rangeland  from  overutilization  is  common  in  the  Coast 
Ranges.  The  problem  is  not  as  serious  as  it  was  50  and  100  years  ago  as 
most  ranchers  practice  better  range  management  than  in  the  past. 
However,  much  of  the  rangeland  on  the  foothills  and  alluvial  fans  of  the 
western  flank  of  the  Sierra  Nevada  were  also  severely  overutilized  during 
the  1975-1977  drought.  This  resulted  in  extensive  erosion  in  the  area 
which  also  is  indicated  in  Figure  2  and  Table  1.  The  areas  of  the  state 
that  are  most  consistently  overgrazed  are  shown  in  Figure  3.  Few  precise 
data  exist  on  rates  of  erosion  from  rangeland  over  time.  The  most  recent 
estimate  was  based  on  the  1977  Soil  Conservation  Service  National  Erosion 
Inventory,  which  indicated  that  average  annual  rates  of  sheet  and  rill 
erosion  on  California's  rangelands  were  6.2  tons/acre/year .^ 

Accelerated  wind  Erosion 

For  wind  erosion  to  occur,  requisite  combination  of  soil  types  and 
climate  factors  must  exist.  Kimberlin  and  others  (1977)  found  that 
almost  five  million  acres  of  soils  highly  susceptible  to  wind  erosion 
(sands,  loamy  sands,  sandy  loams,  and  rrajcks)  are  found  on  California's 
private  lands  alone.  Although  the  wind  erosion  equation  for  predicting 
soil  loss  (Woodruff  and  Siddoway,  1965)  has  not  been  refined  for 
California,  our  desert  areas  are  estimated  to  have  some  of  the  highest 
climatic  factors  for  potential  wind  erosion  found  anywhere  in  the  United 
States  (Soil  Conservation  Service,  1965).  Further,  while  mean  annual 
windspesds  are  often  low  in  California,  a  recent  analysis  of  weather 
station  data  by  the  Department  of  Water  Resources  (1978)  indicates  that 
extreme  winds  and  windstorms  (which  increase  wind  erosion)  are  not 
unusual  climatic  events. 

-347- 


Tf —   J  ~ 


/    *"'^70„ 


CP 


;»-*oooc' 


STATIlOKCAMroUNfA 
*  TMK  IM.snuilCl'S  Ar.r.NCY 
DETAU'l'MI'-NT  OK  CONSIOUVATION 

DIVISION  OF  F OllKSTRY 


f 

1 


Figure  3 


^^^^,    Areas    that    are 


mm^ 


consistently    overgrazed. 

(bd^ed  on  incomplete  data 
collected. in  1972) 


I 


According  to  the  Department  of  Conservation  (1979)  assessment,  wind 
erosion  affects  large  areas  of  the  state  as  is  illustrated  in  Figure  4 
Table  2.  In  general,  few  soil  conservation  measures  are  employed  to 
control  wind  erosion  on  cropland  and  excessive  discing  often  destroys 
soil  structure.  There  are  also  fine-sandy  soils,  easily  eroded  by  wind, 
located  in  the  Antelope  and  San  Joaquin  Valleys,  as  well  as  highly 
erodible  peats  found  in  the  Sacramento-San  Joaquin  Rivers  Delta. 
Overutilization  of  rangeland  during  the  1975-1979  drought  coupled  with  a 
severe  windstorm,  led  to  the  removal  of  an  average  of  167  tons/acre  of 
soil  over  a  230  square  mile  area  in  the  foothills  flanking  the  east  side 
of  the  Sierra  Nevada  (Wilshire,  1978).  A  different  problem  exists  on  the 
east  side  of  the  Sierra  Nevada  where  surface  water  diversions  and 
groundwater  pumping  are  dessicating  the  area  and  accelerating  the  drying 
up  of  pluvial  lakes,  which  has  caused  large  dust  storms  and  may  be 
causing  changes  in  vegetation  (Mono  Lake  Task  Force,  1979,  and  Reinking 
et  al,  1975). 

Soil  Drainage  and  Soil  Salinity 

The  Department  of  Conservation  (1979)  has  estimated  that  drainage  and 
salinity  problems  in  California  are  extensive  (Tables  3  and  A;  Figures  5 
and  6). 

However,  the  critical  problem  areas  have  been  defined  by  the  San  Joaquin 

Valley  Interagency  Drainage  Program  (1979)  and  are  found  along  the 

western  rim  of  the  San  Joaquin  Valley.  High,  brackish  water  tables  now 

underlying  about  AGO, GOO  acres  (160,000  hecates)  of  irrigated  farmland  in 

the  San  Joaquin  Valley  pose  an  increasingly  serious  threat  to 

productivity.  Ultimately,  more  than  a  million  acres  will  be  similarly 
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Table  2 
Wind  Erosion  Problems  Related  to  Land  Use* 


Cropland   Pastureland   Rangeland**  Forestland   Urban 
(acres)     (acres)     (acres)     (acres)    (acres) 


Statewide 

700,000 

66,000 

7,583,200 

21,000 

7A,000 

Area  I 

80,000 

3,000 

16 A, 000 

-0- 

-0- 

Area  II 

17,000 

10,000 

5,000 

-0- 

1,000 

Area  III 

126,000 

16,000 

218,000 

-0- 

30,000 

Area  IV 

272,000 

-0- 

^- 

-0- 

1,000 

Area  V 

57,000 

37,000 

37,000 

21,000 

10,000 

Area  IV 

157,000 

-0- 

7,159,200 

-0- 

32,000 

*  Source:  Department  of  Conservation  Inventory  (RCD  Questionnaire.) 
**  This  includes  a  large  area  of  the  Mojave  Desert  in  San  Bernardino 
County  which  the  RCD  considers  seasonal  range.  However,  the  U.S. 
Bureau  of  Land  Management  indicates  the  majority  of  this  land  is  used 
for  recreation,  more  properly  classified  in  an  additional  land  use 
category  to  that  shown  in  the  Table. 
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Table  3 

Drainage  Problems  Related  to  Land  Use* 


Cropland 
(acres) 

•  Pastureland 
(acres) 

Rangeland 
(acres) 

Forestland 
(acres) 

Urban 
(acres) 

Statewide 

1,28A,000 

412,000 

125,000 

-0- 

34,000 

Area  I 

46,CXX) 

104,000 

36,000 

-0- 

1,000 

Area  II 

33,000 

16,000 

-0- 

-0- 

-0- 

Area  III 

534,000 

88,000 

9,000 

-0- 

4,000 

Area  IV 

371,000 

199,000 

60,000 

-0- 

20,000 

Area  V 

36,000 

4,000 

11,000 

-0- 

3,000 

Area  VI 

26A,000 

-0- 

10,000 

-0- 

5,000 

♦Source:  Department  of  Conservation  Inventory  (RCD  Questionnaire) 
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Table  A 
Toxic  Salt  Problems  in  Relation  to  Land  Use* 


Cropland 
(acres) 

Pastureland 
(acres) 

Rangeland 
(acres) 

Forestland 
(acres) 

Urban 
(acres) 

Statewide 

1,6A9,CXX) 

129,000 

382,000 

-0- 

32,000 

Area  I 

46,000 

23,000 

124,000 

-0- 

-0- 

Area  II 

8,000 

3,000 

-0- 

-0- 

1,000 

Area  III 

1,000,000 

79,000 

169,000 

-0- 

A, 000 

Area  IV 

97,000 

2,000 

2,000 

-0- 

-0- 

Area  V 

137,000 

19,000 

-0- 

-0- 

9,000 

Area  VI 

362,000 

2,000 

86,000 

-0- 

18,000 

*Source:  Departrent  of  Conservation  Inventory  (ROD  Questionnaire) 

affected.  Loss  of  the  productive  capacity  of  these  lands  would  be  a 
serious  loss  to  the  people  who  farm  them,  to  the  economic  community  of 
the  San  Joaquin  Valley,  to  the  State  of  California,  and  to  the  United 
States.  To  prevent  this  loss,  a  comprehensive  system  is  required  to 
manage  and  dispose  of  the  saline  effluent  of  on-farm  subsurface  drainage 
systems.  The  general  location  of  drainage  problem  areas  is  shown  in 
Figure  7,  and  the  magnitude  and  severity  of  the  problem  is  demonstrated 
in  Table  5. 
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Table  5 

Expected  Drainage  Problem  Acreage  and  Drain 
Water  Quantities,  1985-2085* 


Maximum  Area 


Requiring 

Area  Drained  V 

Quantities 

Year 

Drainage  i 

(acres) 

(acres) 

(acre-feet) 

1985 

294,000 

56,000 

57,000 

1995 

A62,000 

346,000 

310,000 

2005 

586,000 

507,000 

424,000 

2015 

693,000 

623,000 

484,000 

2025 

792,000 

720,000 

518,000 

2035 

867,000 

807,000 

566,000 

20A5 

925,000 

876,000 

575,000 

2085 

1,040,000 

1,023,000 

668,000 

1/     "Area  drained"  never  equals  "area  requiring  drainage"  because  it  was 
assumed  that  due  to  individual  farm  practices  and  economies,  some 
farmers  would  never  install  drainage  even  though  it  would  be  to  their 
economic  advantage  to  do  so. 

*   From  "Agricultural  Drainage  and  Salt  Management  in  the  San  Joaquin 
Valley";  San  Joaquin  Valley  Interagency  Drainage  Program,  1979. 
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Table  6 
Compaction  Problems  in  California  Soils* 


Cropland   Pastureland   Rangeland   Forestland**    Urban 
(acres)     (acres)     (acres)    (acres)      (acres) 


Statewide 

2,413,000 

1A3,000 

425,000 

31,800 

25,000 

Area  I 

56,000 

14,000 

376,000 

16,500 

-0- 

Area  II 

14,000 

-0- 

-0- 

22,100 

-0- 

Area  III 

87A,000 

84,000 

27,000 

1,000 

3,000 

Area  IV 

680,000 

44,000 

15,000 

2,200 

20,000 

Area  V 

AA2,000 

-0- 

3,500 

-0- 

1,000 

Area  VI 

3A7,000 

1,000 

4,000 

-0- 

1,000 

•Source:  Department " of  Conservation  Inventory  (RCO  Questionnaire.) 
♦•Estimated  from  USPS  and  CDF  data  on  percent  of  harvest  areas  compacted 
by  tractors  and  the  amount  of  land  harvested  using  tractor  logging 
techniques  over  the  past  10  years.  Source:  U.S.  Forest  Service,  1977; 
Report  on  the  findings  of  the  Soil  Compaction  Study  Task  Force;  Regions 
5,  6,  and  Pacific  Southv/est  Forest  and  Range  Experiment  Station. 


Soil  Compaction 

Soil  compaction  is  a  widespread  problem  in  California,  affecting 
croplands,  pasturelands,  rangelands  and  forestlands  in  some  degree  as  is 
shown  in  Figure  8  and  Table  6  (Department  of  Conservation,  1979).  The 
susceptibility  of  soil  to  compaction  is  related  to  soil  moisture  content, 
texture,  structure,  and  the  amount  of  organic  matter.  Compaction  of  the 
soil  will  lead  to  lowered  infiltration  rates,  lowered  water  holding 
capacity  and  accelerated  runoff  thus  increasing  the  erosion  ha;iard. 
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Roberton  and  Erickson  (1973)  have  shown  that  compaction  is  more  prevalent, 
in  soils  containing  less  than  3%  organic  matter.  Most  of  the  cropland 
and  rangeland  soils  in  California's  interior  valleys  and  foothills  have 
organic  matter  contents  of  less  than  3%.  Therefore,  under  the  Impact  of 
agricultural  use,  we  may  conclude  that  many  California  soils  are 
compacted  somewhat  over  their  natural  state.  The  basic  causes  are  heavy 
equipment  use,  particularly  on  moist  cropland  soils,  and  overutilization 
of  rangeland,  which  is  acute  in  areas  where  cattle  congregate. 

Invasions  of  Undesirable  Plants 

A  number  of  problems  exist  with  the  invasion  of  undesirable  plants, 
some  of  them  quite  serious,  and  others  with  considerable  potential  for 
becoming  troublesome.  The  natural  vegetation  of  California  is  shown  in 
Figure  9.  The  greatest  invasion  was  related  to  the  introduction  of 
Mediterranean  annual  grasses  and  almost  total  replacement  of  the  native 
perennials.  Specific  problems  of  plant  invasions  are  listed  below. 


(1)  The  chaparral  and  brush  invasions  of  grasslands,  oak  woodlands,  and 
coniferous  forest  of  which  there  are  two  basic  causes.  First,  was 
the  heavy  grazing  in  the  Spanish  era  and  the  early  period  of 
California  statehood.  Second  was  the  attempt  to  totally  exclude  fire 
which  lead  to  further  expansion  and  perpetuation  of  chaparral. 

(2)  Medusa  head  and  barbed  goatgrass  were  invading  many  rangelands  in  the 
northern  part  of  the  State  during  the  1950* s  and  60' s.  They  are  a 
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Figure   9 
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further  degradation  of  vegetation  quality  over  the  existing  cover  of 
Mediterranean  annuals.  The  problem  has  largely  been  reduced  by 
better  grazing  management. 

•(3)  Halogeton  is  a  problem  in  the  Great  Basin  and  has  been  a  minor 

problem  in  the  sagebrush  ranges  of  Lassen  and  Modoc  Counties  and  in 
the  Ov/ens  Valley.  However,  it  can  be  controlled  fairly  well  by 
improved  grazing  management  and  is  not  viewed  as  a  major  problem  in 
California. 

(A)  Scotch  broom  is  a  problem  in  the  lower  timber  belt  of  the  central 
Sierra  Nevada  and  also  in  the  coastal  areas  of  Mendocino  County,  It 
is  an  aggressive  and  tenacious  competitor  of  even  the  native  brush 
species.  Control  efforts  in  the  past  were  based  on  2,  A,  5-T  which 
is  now  banned  from  use  in  California. 

(5)  Pampas  grass  is  not  yet  a  problem,  but  it  is  a  concern  in  the  coastal 
areas  near  Big  Sur  in  the  Control  Coast  and  in  Mendocino  Ccjnty 
coastal  areas. 

Whether  or  not  these  specific  invasions  or  the  whole  replacement  of 
perennial  grasses  by  annuals  indicates  a  general  degradation  of 
California's  rangelands  is  a  subject  of  controversy.  However,  we  can 
note  that  during  the  period  from  1968  through  1977  the  condition  of 
rangeland  in  California  ranged  from  severe  drought  to  excellent  with  an 
average  condition  of  poor  to  fair  (California  Crop  and  Livestock 
Reporting  Service,  1978). 
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SUMMARY  AND  CONaUSICrNlS 

It  is  evident  that  the  processes  associated  with  desertification  are 
operating  in  California.  However,  it  is  difficult, to  assess  the  severity 
of  the  problem  on  a  statewide  basis.  If  we  apply  the  criteria  for 
estimating  the  degree  of  desertification  as  defined  by  Dregne  (1979)  we 
can  reach  the  following  general  conclusions. 

The  degree  of  desertification  related  to  the  drainage  and 

salinity  problem  area  shown  in  Figure  7  would  be  considered 

slight  (crop  yields  reduced  less  than  10%).  The  trend  is  toward 
a  worsening  of  this  condition. 

The  rangelands  of  the  state  would  exhibit  none  to  a  moderate 
degree  of  desertification,  but  on  the  average  could  be 
considered  moderate  (fair  range  condition  class,  with  moderate 
sheet  erosion  and  some  shallow  gullies).  Trends  are  difficult 
to  determine  at  this  time. 

Desert  areas  would  be  defined  as  severe  (since  range  condition 
is  generally  poor,  gullies  are  common,  severe  sheet  erosion 
occurs  and  occasional  blow-out  areas  exist.  Many  of  these 
problems  are  influenced  by  heavy  off-road  vehicle  use  in  the 
desert. 
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It  is  even  more  difficult  to  determine  the  economic  costs  of 
desertification  in  California.  The  only  problem  that  has  been  analyzed 
from  an  economic  perspective  is  the  salinity  and  drainage  problem  in  the 
San  Joaquin  Valley.  Table  6  provides  insight  into  the  amount  of  drainage 
needed  to  prevent  loss  of  agricultural  production. 

Recommendations  to  combat  the  drainage  and  salt  management  problem  as 
proposed  by  the  San  Joaquin  Valley  Interagency  Drainage  Program  (1979) 
are: 

The  IDP  recommends  a  comprehensive  drainage  and  salt  management  program 
for  San  Joaquin  Valley.  The  IDP  Recommended  Plan  proposes  the  following: 

1.  A  drainage  canal  (the  Valley  Drain)  along  the  San  Joaquin  Valley 
trough,  discharging  in  Suisun  Bay  near  Chipps  Island. 

2.  A  total  of  6^,300  acres  (25  800  ha)  of  new  or  restored  wetland 
wildlife  habitat,  of  which  A5,300  acres  (18  200  ha)  would  be  brackish 
marshes  and  19,000  acres  (7  600  ha)  would  be  reservoirs  or  holding 
ponds.  The  marshes,  supplied  with  drain  water,  would  help  to  protect 
the  wildlife  resource  of  the  Pacific  Flyway.  Six  sites  would  be 
involved,  five  in  the  San  Joaquin  Valley  and  one  on  the  south  shore 
of  Suisun  Bay  in  Contra  Costa  County. 
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GROSS  VALUE  OF  AGRICULTURAL  OUTPUT* 
MAINTAINABLE  BY  DRAINAGE 
($  million) 


1985 


1995 


2005 


North  Area 
Delta  Kendo ta 
San  Luis 
Tulare  Lake 
Kern  County 


2.1 

A.4 

7.2 

16.4 

111.8 

123.5 

3.9 

32.9 

67.5 

6.3 

48.5 

73.6 

2.5 

26.6 

49.5 

Total 


31.2 


224.2 


321.3 


*From  "Agricultural  Drainage  and  Salt  Management  in  the  San  Joaquin 
Valley;  San  Joaquin  Valley  Interagency  Drainage  Program,"  1979. 

3.  Staged  construction  of  drainage  facilities.  The  existing  82-mile 

(132  kilometre)  segment  of  the  San  Luis  Drain,  approximately  in  the 

middle  of  the  proposed  290-mile  (467  km)  Valley  Drain  alignment, 

would  serve  as  the  Valley  Drain's  first  segment.  By  1985,  an 

additional  26  miles  (42  km)  would  be  adSed  to  the  southern  end  of  the 

San  Luis  Drain.  By  1991,  the  Drain  would  be .extended  northward  to 

Suisun  Bay.  If  future  environmental  studies  indicate  that  drainage 

effluent  from  the  southern  part  of  tho  valley  would  cause  no 
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unacceptable  effects  in  the  receiving  waters,  the  Drain  would  be 
extended  southward  by  the  year  2000  to  a  point  near  the  southern 
extremity  of  the  valley  trough. 

Recommendations  for  financing  and  implementation  include  the  following: 

1.  That  responsibilities  for  financing  project  costs  associated  with 
implementation  of  the  Recommended  Plan  be  shared  by  the  Federal  and 
State  Governments  in  these  proportions:  58  percent  Federal,  A2 
percent  State. 

2.  That  project  costs  allocated  to  agricultural  drainage  and  v/ater 
conservation  be  reimbursable  and  that  costs  allocated  to  the  other 
two  project  purposes,  marshes  and  water  quality,  be  nonreimbursable. 
Costs  allocated  to  the  environmental  quality  (EQ)  objective  under  the 
Principles  and  Standnrds  of  the  National  Water  Resources  Council 
would  also  be  nonreimbursable. 

3.  That  the  Federal  and  State  Governments  contract  with  local  entities 
meet  their  contractual  commitments  by  collecting  charges  from:  (a) 
those  who,  by  irrigating,  contribute  to  the  drainage  problem;  and  (b) 
those  who  discharge  into  facilities  of  the  valleywide  drainage  system, 

A.  That  costs  allocated  to  water  conservation  be  recouped  by  selling 
drain  water  for  such  purposes  as  power  plant  cooling. 
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5.  That  local  entities  contracting  with  the  State  and  Federal 
Governments  for  drainage  and  disposal  service  meet  their  contractual 
commitmsnts  by  levying  per-unit  fees  on  effluent  discharged  to 
collector  facilities  and  by  per-unit  charges  on  irrigation  water 
applied  in  both  the  drainage  problem  areas  and  the  areas  that 
contribute  to  the  drainage  problem.  The  recommended  applied  water 
charges  are  $1.00  per  acre-foot  in  Federal  areas  and  $2.00  per 
acre-foot  in  State  areas.  The  recommended  discharge  fees  for  Federal 
areas  range  from  $2.50  to  $4.30  per  acre-foot;  in  State  areas  they 
range  from  $17.00  to  $23.00  per  acre-foot. 

6.  That  the  U.S.  Congress  authorize:  (a)  conversion  of  the  San  Luis 
Drain  and  Kesterson  Reservoir  to  joint  use,  Federal-State  facilities; 
and  (b)  completion  of  the  San  Luis  Drain  as  a  joint  use, 
Federal-State  facilities  (the  Valley  Drain)  discharging  near  Chipps 
Island. 

There  has  been  no  economic  analysis  of  the  costs  of  soil  erosion  or 

rangeland  deterioration.  We  do  know,  however,  that  few  of  the  federal 

cost-sharing  dollars  are  allocated  to  these  problems.  For  example,  the 

USDA's  Agricultural  Conservation  Program  in  California  provided 

approximately  $576,000  dollars  to  deal  with  these  problems  out  of  a  total 

budget  of  A. 5  million  dollars  in  1978  (most  of  the  funding  was  directed 

toward  agricultural  v/ater  conservation).  Further,  the  total  amount 

expended  for  on-farm  drainage  systems  in  the  same  year  was  only  $103,263 

or  enough  to  provide  drainage  on  500  acres  or  less  depending  upon  the 

severity  of  the  problem. 
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It  is  clear  that  present  Federal  programs  are  insufficient  to  deal 
with  problems  related  to  desertification  that  are  occurring  in 
California.  Therefore,  the  State  Resources  Agency  has  sponsored 
legislation  to  provide  funds  for  treating  problems  affecting  California's 
renewable  resources,  which  may  be  used  in  soil  conservation  and  saline 
drain  water  management. 
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STATES'  WATER  RESOURCES  AND  WATER  AEMLNISTRATIVE  ISSUES 


ARIZONA 

Category 

Groundwater 
Supply 


Flcxxl  Plain 
Management 


Intragovem- 

roental 

Cooperation 


Problem  Identified 

Groundwater  is  generally  depleted  twice  as  fast  as  it 
is  replenished,  and  often  four  or  five  times  as  fast; 
yet,  it  supports  much  of  the  State's  econcmy; 
excessive  overdrafts  are  foreseen. 


Conservation      Clarifications  of  "beneficial  use"  in  Arizona  needed. 


Recent  flooding  caused  property  damage  of  over  $60 
million.  New  development  is  iraniinent  where  no  flood 
plains  have  been  delineated. 

Indian  water  claims  could  significantly  affect  water 
use  patterns;  also,  need  for  allocation  of  interstate 
waters . 


CALIFORNIA 

Category 

Water  Quality/ 
Quantity 


Groundwater 
Supply 

Urban  Water 
Supply 


Cbnservation 


Flood  Plain 
llELnagement 


Problem  Identified 

Increasingly  intensive  use  of  water  is  resulting  in 
emerging  quality  problems,  particularly  in 
groundwater. 

Increasing  demands. 


Tremendous  growth  causes  increasing  demands.  From 
less  than  7  million  people  in  1940,  the  State's 
population  has  increased  to  over  22  million  in  1978. 
Problems  with  quality  of  urban  water  supply  system. 

Qsilifomia  has  major  problems  related  to  distribution 
and  time  of  occurrence.  Roughly  two-thirds  of  the 
supplies  occur  in  the  northern  one-third  of  the  State 
while  about  two-thirds  of  the  population  resides  in 
the  southern  one-third.  Supplies  are  also  unevenly 
distributed  with  respect  to  time  of  occurrence. 

Flooding  is  exacerbated  by  uneven  distribution  of 
rainfall  over  time.  Majority  of  precipitation  is  in 
October  through  Maxch.  The  entire  State  is 
vulnerable  to  varying  degrees  of  flooding. 
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COLORADO 


Ca-tegory 

Water  Quality/ 
Quantity 


Instream  Flows 


Groundwater 
Supply 


Problem  Identified 

Salinity  levels  in  Colorado's  major  rivers, 
especially  the  Upper  Colorado,  are  a  significant 
problem  for  downstream  users. 

Formerly,  all  stream  flows  by  law  had  to  be  diverted 
from  their  natural  course  to  be  put  to  beneficial 
use. 

Itecharging  of  aquifers  in  the  High  Plains  area  is 
needed,  but  requires  large  public  investments. 


Urban  Water 
Supply 


Conservation 


Flood  Plain 
Management 


Intragovem- 

mental 

Cboperation 


The  "Front  Range"  area  is  rapidly  urbanizing,  placing 
stresses  on  formerly  adequate  water  supplies.  These 
are  now  clearly  insufficient  to  support  both 
agriculture  and  a  large  urban  population  there. 

Cbnservation  of  water  is  important  primarily  to 
irrigators  in  the  arid  parts  of  Colorado.  The  State 
nay  only  keep  half  of  its  total  surface  runoff  due  to 
interstate  water  agreements. 

About  1.5  million  acres  of  land  are  subject  to 
flooding  and  because  much  of  it  is  level,  fertile, 
and  close  to  vital  streams,  it  contains  a  large  share 
of  the  State's  intensive  agricultural  and  man-made 
developments . 

Two  Indian  reservations  wish  to  expand  their  water 
rights,  while  the  Federal  Government,  owning  35%  of 
state  lands,  is  requiring  more  water.  These  could 
create  an  impossible  burden  of  re-adjudication  of 
rights  and  protection  of  individual  rights. 


IDAHO 

Category 

Water  Quality/ 
Quantity 


Instreajn  Flows 


Urban  Water 
Supply 

Flood  Plain 
Management 


Problem  Identified 

Quality  considerations  may  encounter  or  cause 
significant  quantity  problems  more  injurioiis  than 
existii^  quality  problems. 

Large  amounts  of  high  quality  water  are  needed  to 
maintain  the  aquiculture  industry  and  to  preserve 
free-flowing  rivers'  natural  states. 

Urban  sprawl  is  causing  water  supply  problems. 


Nonstructural  emphasis  needed  to  reduce  flood  damage. 
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KANSAS 
Category 
Instream  Flows 


Groundwater 
Supply 

Urban  Water 
Supply 

Flood  Plain 
Management 


Problem  Identified 

Determination  of  best  use  of  surface  water,  including 
increasing  basic  stream  flow,  must  be  made. 

Three-fold  increase  in  irrigation  in  last  decade 
causing  groundwater  declines. 

Need  to  match  needs  and  supplies  of  comiunities  in 
eastern  Kansas. 

Kansas  has  a  long  history  of  devastating  floods; 
total  control  of  flooding  is  not  possible. 


MONTANA 

Category 

Water  Quality/ 
Quantity 

Instream  Flows 


Conservation 


Flood  Plain 
Managemait 

Inadequate  Water 
Law  and/or 
PDlicy 


Problan  Identified 

Cannot  logically  be  separated;  Montana  water  quality 
standards  not  adequately  enforced. 

Streams  in  several  basins  are  dewatered,  and  others 
need  to  be  protected  from  additional  depletions, 
mainly  due  to  irrigation. 

Irrigation  water  use  accounts  for  most  withdrawals  in 
Montana,  and  its  projected  expansion  will  exacerbate 
existing  water  shortages. 

Several  rivers  in  the  State  are  subject  to  flooding. 


Indian  water  rights  and  claims  may  not  be  quantified 
for  years;  also,  there  are  increasing  downstream 
demands  for  the  State's  water. 
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NEBRASKA 


Oategory 

Water  Quality/ 
Quantity 

Instream  Flows 


(hxjundwater 
St^)ply 


Urban  Water 
Sipply 

Conservation 


Flood  Plain 
Management 

Intragovern- 

mental 

Ctooperation 


Rx)blem  Identified 

Role  of  irrigation  unclear;  irrigation  may  be 
contributing  to  water  quality  problems. 

Depletions  due  to  groundwater  depletion;  irrigation 
withdrawals  conflict  with  instream  needs. 

Overwithdrawal  for  irrigation  causes  severe 
depletion  problons  in  several  areas;  other  areas 
experiencing  buildups  due  to  irrigation  from  surface 
supplies . 

Generally  adequate. 


Irrigation  is  overwhelmingly  the  major  user  of  ground 
and  surface  water;  surface  water  is 
over-appropriated . 

A  damaging  flood  occurs  nearly  every  year  somewhere 
in  the  State. 

A  multitude  of  local ,  regional ,  State ,  and  Federal 
agencies  are  involved  in  water  and  related  land 
resources  programs. 


NEVADA 

Qategory 

Urban  Water 
Si^jply 


Conservation 

Planning  &  Eval- 
uation Improve- 
m^ts 


Problem  Identified 

Competition  for  use  great.  Critical  problems  for  las 
Vegas,  Reno-Sparks,  Garson  City,  Fulton  area, 
Fallon,  and  Lovelock  as  well  as  Talbot  Basin.  By 
1990,  90%  of  population  will  be  urban. 

Program  centers  on  demand  reduction. 

Overlap  between  hydrographic  regions. 


NEW  MEXICO 

Category 

Groundwater 
Supply 


Problem  Identified 

Half  of  all  water  withdrawn  is  groundwater; 
development  of  economic  plans  based  on  groundwater 
mining  is  necessary. 
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NCHIH  DAKOTA 


Category 

Water  Quality/ 
Quantity 


Instream  Flows 


Groundwater 
Supply 


Problem  Identified 

Adverse  water  quality  conditions  are  accentuated 
during  periods  of  low  flow,  \(rtiich  occur  annually  in 
many  streams  during  the  late  sunnier,  fall,  and  winter 
months. 

During  periods  of  low  flow,  stream  flow  is 
insufficient  to  meet  minimum  requirements  for  waste 
assimilation  and  for  fish  and  wildlife  needs. 

Highly  mineralized  groundwater.  Large  demands  due  to 
coal  development.  Groundwater  table  has  declined" in 
sane  areas. 


Urban  Water 
Supply 

Conservation 


Ibtential  water  supply  problems  during  drought 
periods. 

North  Dakota  is  a  water-short  area. 


Flood  Plain 
Management 


Extensive  flood  damages  to  both  urban  and  rural 
areas.  Conversion  of  flood  plain  and  wetland  areas 
to  urban  and  agricultural  uses,  resulting  in 
increased  flooding. 


CKLAHOMA 


Qttegory 
Instream  Flows 


Groundwater 
Siq)ply 


Urban  Water 
Supply 

Flood  Plain 
Management 


Problem  Identified 

Drought  conditions  affect  comnunities  and  farmers 
relying  on  small  streams  for  water  supply. 

Depleticxi  of  groundwater  supplies  poses  a  critical 
problem  in  the  western  half  of  the  State  \irtiere 
groundwater  is  virtually  only  reliable  source  of 
water.  Amount  of  recharge  does  not  equal  puirping. 
Increasing  irrigation  a  major  problem. 

Water  supply  in  lu-ban  areas  a  problem  as  a  result  of 
depleticxi  of  groundwater. 

Rapid  runoff  from  mountainous  drainage  areas  result 
in  high  peak  rates  during  storms,  causing  floods  of 
short  duration.  Most  prevalent  in  eastern  part  of 
the  State. 
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OREGON 

Oategory 

Water  Quality/ 
Quantity 

Instream  Flows 


Groundwater 
Supply 


Intragovem- 

mental 

CtooperaticMi 

Planning  &  Eval- 
uation Improve- 
ments 


Problem  Identified 

Concern  that  continuing  water  level  declines  fron 
irrigation  will  result  in  water  quality  degradation. 

Maintenance  of  Colurribia  River  flow  is  difficult. 
Existing  uses  account  for  virtually  all  of  the 
available  supply.  Coincidence  of  low  flow  period 
with  highest  irrigation  demands. 

large  number  of  irrigation  wells  depleting  ground- 
water supplies  on  Columbia  Slope.  Else\^ere, 
irrigation  leading  to  excessive  groundwater  declines. 

Rapidly  increasing  demands  for  Columbia  River  water 
by  Oregon  and  adjoining  States  make  interstate 
cooperative  plan  imperative. 

Many  early  basin  plans  do  not  reflect  current  needs 
of  residents,  nor  do  they  include  an  analysis  of 
availability  of  groundwater. 


SOUTH  DAKOTA 

Oategory 

Groundwater 
Supply 

Conservation 


Inadequate  law 
and/or  Fblicy 


Problem  Identified 


Increased  irrigaticxi  needs. 


An  important  planning  consideration  due  to  recent 
drought  conditions  and  a  generally  capricious 
climate. 

Coordination  of  Indian  and  Federal  reserved  rights; 
complexity  resulting  from  new  Federal  policies. 


Planning  &  Eval-   Water  planning  vital  to  the  arid  State. 

uation  Iinprove- 

m^ts 
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TEXAS 

Category         ProblCTi  Identified 

Water  Quality/    Wastewater  return  flows  presently  constitute  sane 
Quantity         part  of  the  total  surface  water  supply  for  users  in 

most  river  basins  of  the  State,  and  potentially 
constitute  a  significant  part  of  streamflows  in 
almost  every  area  of  the  State  during  moderate  to 
low-flow  conditions. 

Groundwater       Level  subsidence  in  p»pulation  centers  along  the 
Supply  Texas  coast  has  led  to  increased  storm-related 

damage  and  salt  water  encroachment.  Also,  major 
aquifers  supplying  west  and  central  Texas  are  being 
overdrafted,  and  could  result  in  declines  in 
agricultural  industries. 

Conservatiai      General  statement  of  need  for  water  use  reductions. 

Planning  &  Eval-  Information  from  advanced  analytical  techniques  is 
uation  Improve-  needed  to  make  decisions  cwi  the  water  resources  of 
ments  the  State  within  prevailing  constraints. 


Problem  Identified 

Water  Quality/    Salinity  in  the  Colorado  River. 
Quantity 

Instream  Flows    Reserved  flows  in5»rtant  to  an  arid  state. 

Cbnservation      Water  distribution  is  the  State's  primary  problem, 

since  total  water  resources  are  sufficient  for  needs. 

Planning  &  Eval-   Traditional  long-range  conprehensive  planning  has 

uation  Improve-   been  ineffective  in  Utah. 

ments 

Statutory        Changing  environmental  regulations  are  ex+ending 
Environmental     planning  and  construction  schedules. 
Ocmpliance 
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WASHINGTON 


Category 
Instream  Flows 


Gbxjundwater 
Supply 

Intragovem- 

mental 

Cooperation 


Problem  Identified 

As  a  result  of  seasonal  streamflow  and  demand 
fluctuations,  some  streams  are  in  danger  of  being 
periodically  dried  \ip. 

Lack  of  precise  aquifer  data;  declining  water  levels; 
saltwater  intrusion. 

More  than  40  entities  are  concerned  with  nanagement 
of  the  Columbia  River;  Federal  and  Indian  reserved 
rights  are  not  clear,  and  hamper  State  planning;  the 
State  must  adequately  represent  its  interests  in 
interstate.  Federal,  and  international  relationships. 


WYOMING 

Category 

Water  Quality/ 
Quantity 

Instream  Flows 


Groundwater 
Supply 

Urban  Water 
Supply 


Intragovern- 

mental 

Cooperation 

Inadequate  Water 
law  and/or  Policy 

Planning  &  Eval- 
uation Improve- 
ments 

Statutory 

Environmental 

Compliance 


Problem  Identified 

Wastewater  and  effluent  treatment  plans  infringing  on 
water  rights  of  other  appropriators . 

Naturally  wide  fluctuations  in  stream  flow  altered  by 
diversions;  pressure  for  guaranteed  flows. 

Supply  is  adequate,  but  there  is  a  fundamental  lack 
of  understanding  of  groundwater  movement. 

Many  systems  inadequate;  interference  by  municipal 
wells;  contaminated  supplies;  private  ownership 
without  State  control. 

State  contains  headwaters  for  four  major  river 
basins. 


Multitude  of  compacts  and  decrees  governing  water 
use  and  allocation. 

State  water  plan  out  of  date. 


Review  and  coninent  on  various  plans  and  EISs  using 
increasingly  greater  staff  resources. 
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Appendix  J:  Monitoring  Programs 

The  purpose  of  this  appendix  on  inventorying  and  monitoring  is  to 
summarize  various  authoritative  studies  which  address  such  issues  as: 
What  is  the  geographical  location  of  the  section  of  the  United  States 
prone  to  desertification?  What  particular  indicators  of  the  desert- 
ification process  make  valuable  targets  for  attention  of  a  monitoring 
system?  What  is  the  present  state  of  organization  for  monitoring  arid 
regions  on  a  global,  regional  and  national  scale?  What  kinds  of 
environmental  monitoring  systems  are  currently  providing  data  in  the 
United  States?  What  are  the  difficulties  and  deficiencies  in  our 
monitoring  programs?  Finally,  what  promise  is  seen  for  future 
coordinated  efforts  using  improved  techniques,  particularly  operational 
remote  sensing  systems,  for  observing  the  status  and  trends  of  land 
condition? 

The  identification  and  measurement  of  desertification  processes  requires 
inventory  and  subsequent  monitoring  of  the  arid  and  semi  arid  lands  of 
the  Western  United  States  aimed  at  describing  the  present  condition  of 
the  resources  of  the  area  and  the  nature  and  pace  of  changes  in  the 
quality  of  the  environment.  Historical  data  is  needed  to  compare  with 
the  present  situation  and  data  from  many  different  sources  must  be 
properly  synthesized  to  accurately  portray  characteristics  of  the  region. 

A  reliable  and  comprehensive  monitoring  system  is  needed  to  describe  and 
quantify  future  trends  in  land  conditions.  This  requires  the  coordinated 
application  of  advanced  data  collection,  processing  and  analytical 
techniques  as  well  as  agreement  on  criteria  and  format  to  be  used.  Such 
information  is  essential  to  determine  the  extent  of  desertification  and 
the  nature  and  extent  of  possible  remedial  or  mitigating  actions. 

The  processes  contributing  to  desertification,  or  the  impoverishment  of 
arid  and  semiarid  lands,  occur  in  the  zone  of  net  water  deficiency 
which  cover  most,  although  not  all,  of  the  17  Western  States.  More 
precisely,  the  area  of  the  U.S.  prone  to  desertification  is  an  eco- 
region,  a  discrete  geographic  area  which  can  be  classified  according  to 
a  broad  synthesis  of  climate  and  dominant  physical  and  biological 
characteristics.  The  "Dry  Domain"  ecoregion  is  described  and  bounded 
in  an  accepted  system,  devised  by  R.  G.  Bailey  and  published  by  the 
Forest  Service  in  1976,  based  on  land-surface  form,  climate,  vegetation, 
soils,  and  fauna.  The  dry  domain  can  be  further  subdivided  into  a 
number  of  grassland  and  shrub  provinces  according  to  a  system  which 
incorporates  the  1966  potential  natural  vegetation  regions  of 
A.  W.  Kuchler  and  integrates  authoritative  taxonomic  systems  such  as 
Hammond's  land  surfaces  and  Koopen's  climates. 

Identification  of  natural  regional  boundaries  assists  the  preparation 
of  data  bases  for  resource  inventory.  If  defines  the  area  for  purposes 
of  retrieval  of  information  and  setting  up  systems  to  collect  and 
inventory  data  on  identified  targets  so  that  changes  and  trends  can  be 
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monitored.  Inventory  and  monitoring  operations  can  be  focused  on 
specified  indicators  described  in  the  ecoregions  classification  for 
arid  and  semi  arid  lands.  Coordinated  programs  for  managing  problem 
areas  can  then  be  planned,  based  on  consistent,  measurable  data 
covering  the  area  of  interest. 

It  is  particularly  important  to  distinguish  between  the  functions  of 
inventorying  arid  lands  and  the  functions  of  monitoring  arid  lands. 
Inventory  is  a  description  of  basic  characteristics  of  the  lands  in 
terms  of  geology,  vegetation,  soil,  and  water  resources.  Inventory 
presents  a  static  picture  of  the  basic  resource  situation.  Monitoring, 
on  the  other  hand,  provides  a  means  of  assessing  the  dynamics  of  changes 
in  the  land  and  its  resources.  Such  monitoring  allows  one  to  determine 
the  areas  of  change,  the  amount  of  change,  and  the  rate  of  change. 
Monitoring  of  arid  regions  requires  exchange  of  information  between 
various  disciplines,  programs,  and  agencies.  Monitoring  is  not  an 
end  in  itself;  rather,  it  provides  a  method  for  quality  assurance  and 
feedback  into  other  aspects  of  desertification  analysis.  It  provides 
the  basis  for  the  formulation  of  best  practices  for  arid  land  manage- 
ment. 

There  is  no  distinct  line  between  inventory  and  monitoring.  In  some 
instances  inventory  data  will  be  utilized  as  the  baseline  from  which 
the  effects  of  an  action  are  monitored,  analyzed  and  fed  back  into 
the  decisionmaking  process.  Conversely,  monitoring  data  will  be 
utilized  to  facilitate  the  development  of  inventories.  Because  these 
two  types  of  data  collection  processes  are  interrelated--and  in  order 
to  achieve  effective  and  coordinated  inventory  and  monitoring 
programs--all  data  collection  efforts  should  adhere  to  the  principles 
of  quality  assurance  and  data  management  and  information  exchange 
discussed  under  monitoring  principles. 

Efficient  monitoring  calls  for  a  mechanism  for  incorporation  of 
monitoring  and  inventory  data  into  a  data  management  and  informational 
exchange.  Such  a  system  will  provide  for: 

1.  The  efficient  retrieval  of  information  in  a  user-oriented  format. 

2.  The  exchange  of  information  inside  and  outside  the  system. 

Therefore,  monitoring  and  inventory  procedures  should  be  designed  to 
facilitate  incorporation  of  data  into,  a  larger  data  base  for  land 
management. 

When  considering  monitoring  of  the  process  of  desertification,  it  is 
obvious  that  data  collection  and  processing  techniques  will  cross 
traditional  discipline  and  jurisdictional  boundaries.  It  will  involve 
an  interdisciplinary  effort  and  will  typically  require  cooperative 
arrangements  between  and  among  various  federal,  state,  and  local 
offices  to  be  accomplished  in  a  systematic  way. 
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A  large  number  of  agencies  have  responsibility  to  provide  for  the 
multiple-use  management,  protection,  and  development  of  the  arid  and 
semiarid  lands  of  the  Western  United  States.  As  a  result  of  these 
responsibilities,  these  agencies  are  engaged  in  many  actions  involving 
various  forms  of  monitoring.  These  actions  encompass  resources  above, 
on,  and  under  the  earth's  surface,  and  they  range  in  scope  from  local 
to  national  cooperative  programs. 

For  example,  both  the  Federal  Land  Policy  and  Management  Act  (FLPMA) 
and  National  Environmental  Policy  Act  (NEPA)  mandate  that  ecological 
whole-system  values  be  protected. 

In  summary,  the  definition  of  monitoring  used  by  BLM  is:  "the 
systematic  collection  of  data  and  analysis  of  changes  or  trends  (short- 
term  and  long-term)  to  determine  (1)  effects  of  an  action  on  the 
environment,  and  (2)  how  an  action  complies  with  laws,  regulations, 
policies,  executive  directives,  and  management  decisions."  By  this 
interpretation  the  purpose  of  monitoring  is  to  assist  decisionmakers 
in  gathering  and  evaluating  information  required  for  determining  the 
effects  of  an  action,  modifying  or  terminating  an  action,  mitigating 
effects  of  an  action,  and/or  reaching  better  decisions  about  similar 
actions  in  the  future. 

Monitoring  principles:  Many  land  management  programs  are  developing 
and  using  data  collection  and  monitoring  systems  designed  to  meet  both 
specific  requirements  and,  increasingly,  broader  regional  objectives. 
While  these  requirements  vary,  principles  of  (1)  quality  assurance, 
and  (2)  data  management  and  information  exchange  need  to  be  incorporated 
into  monitoring  efforts  to  provide  reliable  data,  and  insure  maximum 
value  from  often  expensive  monitoring  programs. 

Quality  assurance  is  necessary  to  insure  reliable  feedback  into  the 
decisionmaking  process.   It  is  maintained  through  the  use  of  standard- 
ized techniques,  instrumentation,  and  methodology  along  with  adequate 
auditing  procedures  throughout  all  stages  of  sampling,  measurement, 
and  recording  in  the  field  and  laboratory. 

Since  reliability  may  vary,  all  data  utilized  in  the  environmental 
analysis  and  decisionmaking  process  should  be  accompanied  by  statistical 
estimates  of  reliability  to  ensure  maximum  value  to  other  users.  This 
applies  to  data  and  analytical  information  obtained  from  earlier 
environmental  studies,  inventories,  and  information  stored  in  environ- 
mental data  bank  in  addition  to  data  generated  by  ongoing  monitoring 
programs. 

How  data  will  be  collected,  stored,  and  made  available  to  all  users 
depends  upon  storage  and  retrieval  capabilities,  whether  the  data  will  be 
stored  and  retrieved  manually  or  by  computer-augmented  operations,  and 
its  availability  in  a  format  that  is  understandable  and  usable. 
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Monitoring  needs  may  occur  at  any  time  during  the  decisionmaking  process 
However,  it  is  desirable  to  consider  them  at  the  earliest  possible 
stage  in  the  analysis/decisionmaking  process.  Monitoring  data  may  be 
necessary  to  determine  whether  mitigating  measures  are  working  as 
prescribed.   It  may  be  necessary,  particularly  where  important  values 
are  involved,  to  insure  that  unanticipated  impacts  are  not  occurring. 

The  following  discussion  of  general  principles  governing  the  use  of 
monitoring  for  data  collection  is  abstracted  from  a  report  on  critical 
indicators  in  areas  prone  to  desertification  prepared  for  the  State 
Department  by  Professors  Berry  and  Ford.  - 

Need  for  inventory  and  monitoring:  Desertification  is  a  complex  and 
usually  long-term  process  involving  both  natural  and  human  elements, 
leading  to  loss  of  land  productivity  and  human  well-being.  Desertifi- 
cation as  a  process  is  deserving  of  high-priority  attention,  insofar 
as  its  amelioration  helps  people.  Three  compelling  needs  for  inventory 
and  monitoring  are  indicated: 

(a)  Monitoring  for  scientific  understanding. 

The  physical  processes  of  ecosystem  degradation--soil  erosion  and 
depletion,  dune  encroachment,  waterlogging,  and  salini2ation--are  well 
understood  compared  to  other  elements  in  the  causal  chain  of  desert- 
ification. The  magnitude  and  rate  of  productivity  loss  from  such 
physical  processes  are  known  only  for  a  few  scattered  places  and  the 
relationship  between  productivity  loss  and  human  well-being  is  poorly 
understood.  Development  of  a  monitoring  system  must  include  research 
and  experimentation  to  help  provide  the  needed  scientific  understanding 
required  to  support  a  major  effort. 

(b)  Monitoring  for  awareness. 

Desertification  is  a  subtle  and  slowing  evolving  process.  People 
subjected  to  the  effects  of  desertification  may  fail  to  perceive  these 
effects  as  they  adapt  to  the  changing  landscape  or  the  occurrence  may 
be  obscured  by  short-term  climatic  fluctuations.  The  willingness  to 
take  action  to  reverse  or  prevent  desertification  depends  on  such 
awareness  at  all  levels  of  decisionmaking--local ,  national,  and  even 
global.  A  monitoring  system  should  be  educative  and  directly  enhance 
awareness  of  the  problem  at  all  levels  of  involvement. 

(c)  Monitoring  for  action. 

Preventing  desertification  in  the  drylands  or  reversing  it  wherever  it 
has  occurred  may  exceed  the  capacity  of  national  resources  and  might 
be  a  misallocation  of  resources  in  the  face  of  other  compelling  needs. 
It  is  necessary  to  have  early  warning  for  preventive  action  and  assess- 
ment for  selection  for  remedial  action.  Remedial  actions  are  seldom 
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dramatic  and  they  require  careful  observation  against  baseline 
conditions  to  evaluate  their  progress  or  failure.  A  monitoring 
system  should  assist  In  selecting  priority  areas  for  action  and 
effort. 

Monitoring  Requirements:  Based  on  the  foregoing  needs  for  monitoring- 
scientific  understanding,  problem  awareness,  and  action  selection- 
some  requirements  foil  our: 

(a)  The  monitoring  of  physical  processes  needs  to  be  linked  to 
productivity  loss.  In  addition  to  observation,  this  will  require 
experimental  design  and  supplemental  research.  Monitoring  desert- 
ification is  a  long-term  process  (10  to  15  years)  and  requires 
careful  institutional  arrangement.  The  Inclusion  of  variables 
related  to  human  activities  and  conditions,  though  difficult,  is 
critical  to  the  success  of  a  monitoring  system.  Although  climate 
fluctuations  are  not  the  primary  determining  factor  In  desertifi- 
cation, the  pattern  of  weather  and  climate  serves  to  dramatize  as 
well  as  obscure  desertification  and,  therefore,  should  be  included 
in  the  monitoring  system. 

(b)  The  ultimate  monitoring  system  must  function  on  several  levels- 
local,  national,  regional,  and,  potentially,  global.  Satellite 
technology  provides  a  supplement  to  local  and  on-ground  monitoring. 
Significant  human  indicators  appear  meaningful  on  local  scales. 
Technical  knowledge  presently  exists  to  arrest  desertification, 
reclaim  degraded  areas,  and  increase  levels  of  productivity.  But 
this  know-how  can  only  be  effective  when  it  is  adapted  to  and  used 

in  the  context  of,  local  management  and  ecological  systems. 

(c)  A  monitoring  system  should  provide  data  appropriate  to  its 
end  uses.  These  would  include  educational  and  demonstration 
functions  as  well  as  to  assist  in  policy  selection.  A  few  simple, 
readily  understood  indicators  are  preferable  to  more  complex  measures 
Involvement  of  the  users  in  the  monitoring  process  is  mandatory. 

Levels  of  Monitoring:  The  purpose  of  this  study  is  to  address  the 
data  collection  problem  in  the  U.S.  However,  monitoring,  to  function 
effectively,  should  proceed  simultaneously  at  all  levels:  local  and 
national  to  begin  with,  and  regional  and  global  ultimately.  The 
system  should  provide: 

a.  effective  collection  of  a  limited  number  of  critical  data; 

b.  analysis,  as  appropriate,  with  special  emphasis  on  the 
particularity  of  regional  and  national  needs  and  with  emphasis  on 
interrelationships  between  different  indicators; 
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c.  dissemination  of  analyses  to  decisionmakers  and  policy  officials 
especially  at  the  national  level  but  not  to  the  exclusion  of  other  levels; 

d.  Interchange  between  and  among  the  regional,  national,  and 
local  membership  in  the  monitoring  network.; 

e.  participation,  Insofar  as  possible,  of  farmers  and  ranchers 
whose  economies  may  be  improved  hy   actions  resulting  from  an  effective 
monitoring  system. 

Resources  are  limited.  The  capability  of  individuals  and  institutions 
to  absorb  comprehensive  data  is  also  limited.  Thus,  one  problem  with 
existing  monitoring  systems  has  been  an  overaccumulation  and  under- 
analysis  of  data.  Unnecessary  compilations  can  clog  the  system  and 
overwhelm  those  who  must  use  the  system  in  quick  and  decisive  ways. 
It  can  also  add  needless  expense.  Moreover,  implementation  of  elaborate 
systems  sometimes  removes  control  from  the  yery   people  whom  the  system 
was  Intended  to  benefit.  It  thus  seems  advisable  to  agree  upon  the 
critical  variables. 

International  Programs  for  Monitoring  the  Earth's  Environment: 
The  subject  of  the  first  recommendations  for  "national  and  regional 
action"  contained  In  the  International  Plan  of  Action  to  Combat 
Desertification  approved  by  governments  at  the  1977  UN  Conference  on 
Desertification  held  at  Nairobi,  Kenya,  favor  desertification  and  the 
degradation  processes  leading  to  it  be  assessed  and  evaluated  using 
both  existing  data  and  new  surveys  to  assemble  information  and  to 
carry  out  monitoring  of  the  dynamics  of  desertification.  "The  assembly 
and  evaluation  of  information  should  be  a  continuous  process,  providing 
a  feedback  mechanism  for  national  planning  and  action."  Action  should 
be  considered  to  establish  machinery  for  assessing  desertification 
In  the  following  ways: 

(1)  To  indicate  the  relative  seriousness  of  the  situation; 

(2)  To  standardize  monitoring  facilities  and  methods; 

(3)  To  Improve  networks  of  climatological ,  meteorological  and 
hydrological  stations.  Satellite  imagery  techniques  should  be 
employed  where  appropriate.  National  meteorological  and  hydrological 
services  should  provide  ongoing  assessments; 

(4)  To  monitor  desertification  by  observing  atmospheric  processes, 
the  state  of  vegetation  and  soil  cover,  dust  transport,  shifting  of 
sand  dunes,  the  distribution,  migration  and  abundance  of  wildlife, 
the  condition  of  livestock,  the  phenology  of  crops,  crop  yields  and 
changes  In  Irrigated  lands; 

(5)  To  compile  desertification  maps  and  see  that  they  are  revised 
through  periodic  assessment  using  appropriate  techniques  which  will  be 
efficient  at  acceptable  costs. 
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The  UN  Nairobi  Conference  of  1977  approved  two  transnational  projects 
which  would  establish  desertification  monitoring  capabilities  in 
South  America  and  Southeast  Asia,  The  design  of  these  regional 
projects  is  continuing. 

At  the  international  level,  the  UN  Environmental  Program  convened 
an  "Experts  Meeting  on  Methodology  for  Desertification  Assessment 
and  Mapping."  The  report  of  its  meeting  in  Geneva,  May  14-18,  1979, 
provided  analysis  of  the  state-^of-the-art,  some  of  the  issues  and 
problems  yet  to  be  addressed,  and  the  character  of  future  international 
work  in  this  area. 

Future  programs  on  desertification  monitoring  and  assessment  will 
attempt  to  build  on  and  take  advantage  of  the  work  already  underway 
within  the  UNEP  framework.  This  might  include  direct  links  and 
collaboration  with  UN  organizations. 

In  support  of  regional  arrangements,  the  UNEP  recommendation  proposes 
the  implementation  of  cooperation  in  the  monitoring  of  desert  processes, 
including  the  establishment  of  regional  desertification  monitoring 
centers,  for  groups  of  countries  that  are  particularly  vulnerable  to 
desertification  and  that  share  ecological  conditions.  It  also 
advocates  a  continuous  system  for  the  exchange  of  information  among 
countries  of  the  region. 

A  basic  system  for  an  adequate  global  and  regional  monitoring  network 
is  available  within  the  UN  EARTHWATCH  structure.  However,  the  existing 
UN  system  needs  substantial  improvement  in  the  area  of  environmental 
assessment  of  phenomena  and  its  relationship  to  human  welfare  needs. 
In  addition,  the  EARTHWATCH  system  will  benefit  by  establishment  of 
regional  and  global  assessment  centers. 

Despite  an  impressive  array  of  collection  activities  and  installations. 
Important  data  gaps  are  reported  to  exist  in  charting  the  process  of 
desertification.  Decrease  or  increase  of  basic  productivity  of 
cultivated  land  frequently  is  only  available  through  surrogate  measures 
or  estimates.  Changes  in  productivity  of  rangeland  are  better  docu- 
mented but  difficult  to  chart  from  currently  available  data.  Changes 
in  albedo  and  dust  storms  are  not  recorded  in  any  systematic  way  and 
the  relationship  of  albedo  to  productivity  is  not  known  for  the  West 
and  Southwest  of  the  United  States.  .Thus,  even  with  a  substantial 
data  base,  the  current  system  does  not  provide  the  information  for  a 
systematic  documentation  of  the  progress  of  desertification. 
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U.S.  Programs  for  Assessing  Enytronmental  Data; 

A  number  of  U.S.  agencies  and  institutions  have  responsibility  for 
monitoring  and  assessing  environmental  processes  related  to  desert- 
ification. 

U.S.  Department  of  Agriculture 

—Soil  Conservation  Service,  especially  activities  in" 

Land  Inventory  and  Monitoring  (LIM)  Program 

Soil  Conservation  Needs  Inventory 

Conservation  Operations 

Great  Plains  Conservation  Program 

Range  Data  Systems 

Soil  and  Land  Use  Surveys 

—National  Forest  Service 

Department  of  the  Interior 

— Bureau  of  Land  Management.  Monitoring  federal  lands  under  its 
jurisdiction. 

— Bureau  of  Indian  Affairs.  Managing  rangeland  on  American  Indian 
lands  held  in  trust. 

— Office  of  Surface  Mining.  Monitoring  recovery  from  strip  mining. 

—Geological  Survey.  Work  relating  to  land  use  mapping,  remote 
sensing  imagery  for  monitoring,  and  geophysical  hazard  forecasting, 
and  monitoring  availability  and  quality  of  existing  water  sources. 

— Fish  and  Wildlife  Service.  Habitat  survey. 

Dept.  of  Commerce,  National  Oceanic  and  Atmospheric  Administration 

--Climatic  Change  Assessment,  related  to  the  forthcoming  Climate 
Diagnostic  Center. 

— National  Weather  Service,  with  both  national  and  international 
coordination  with  World  Weather  WatcK, 

--National  Environmental  Satellite  System  (NESS),  with  continuing 
worldwide  monitoring  of  cloud  cover,  vertical  temperature  and 
humidity  profiles,  sea  surface  and  land  temperatures,  and  snow  and 
Ice  cover. 

NASA.  Remote  sensing  research. 
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Army  Corps  of  Engineers,  Project-specific  mapping. 

Recent  Statutory  Authority:   The  USDA  RCA  1980  draft  Appraisal 
describes  several  inventory  and  monitoring  activities  on  which  data 
relating  to  condition  of  Western  lands  is  based. 

Beginning  in  1929,  Congress  began  funding  of  Inventory  and  monitoring 
activities  through  USDA  in  cooperation  with  other  federal  agencies, 
state  and  local  governments  and  private  sources.  Activities  included 
investigations  on  erosion  control  and  national  county  Soil  and  Water 
Conservation  Needs  surveys. 

More  recently.  Public  Law  92-419  (August  30,  1972)  authorized  a  land 
inventory  and  monitoring  program.  This  program  includes,  but  is  not 
limited  to,  identifying  prime  agricultural  producing  areas  and  flood 
plains  and  studies  and  surveys  of  erosion,  sediment  damage,  and  land 
use  changes  and  trends.  The  law  also  directed  the  Secretary  of 
Agriculture  to  issue  a  land  inventory  report  on  the  nation's  soil, 
water,  and  related  resources  every  five  years. 

The  Soil  and  Water  Resources  Conservation  Act  of  1977,  Public  Law 
95-192  (November  18,  1977)  authorized  the  Secretary  of  Agriculture 
to  utilize  SCS  to  conduct  a  continuing  appraisal  of  the  soil,  water, 
and  related  resources  of  the  nation.  In  addition,  the  Act  requires 
SCS  to  develop  a  soil  and  water  conservation  program  based  on  this 
appraisal.  This  program  will  direct  future  USDA  conservation  efforts 
and  guide  SCS  activities  that  are  part  of  those  efforts.  The  purpose 
of  the  Act  is  to  ensure  that  USDA  programs  for  conserving  our  soil, 
water,  and  related  resources  are  responsive  to  the  long-term  needs  of 
the  nation,  which  would  include  combatting  desertification. 

The  Soil  Conservation  Service  conducts  periodic  monitoring  and 
assessment  of  rangelands,  brush,  and  snow. 

Data  show  that  range  condition  relates  directly  to  erosion  and  water 
quality.  Erosion  is  more  likely  to  be  excessive  on  rangeland  in 
poorer  condition.  A  1977  special  study  by  SCS  state  range  conserva- 
tionists estimated  the  percentages  of  the  nation's  nonfederal  rangeland 
in  excellent,  good,  fair,  and  poor  condition.  It  repeated  a  similar 
range  condition  survey  In  1963  showing  state  range  condition. 

SCS  conducted  national  brush  inventories  in  1963  and  1973  (Bredemelr, 
1973).  The  1973  inventory  showed  277  million  acres  of  brush  on 
nonfederal  range,  native  pasture,  pastureland,  and  some  lands  used 
for  recreation. 

SCS  conducts  snow  survey  activity  described  as  follows  In  USDA 
Administrative  Regulations  1  AR  180: 
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Respons-tbtlity  for  making  and  coordinating  snow  surveys  in  the 
western  States  and  Alaska  and  preparing  forecasts  of  seasonal 
water  supplies  in  affected  streams,  for  the  purpose  of  relating 
available  water  supply  to  agricultural  plans  and  operations. 

State  and  Federal  Data  Coordination:  A  1978  report  by  the  Council  of 
State  Governments  addressed  the  problem  of  coordinating  data 
collection  and  use.  Starting  with  the  premise  that  information  ts 
the  foundation  on  which  sound  decisions  are  made,  the  study  found 
that  a  good  deal  of  unneeded  confusion  results  from  failures  In 
communication  among  data  users  and  producers.  Information  necessary 
for  land  use  management  is  frequently  absent,  sometimes  improperly 
formatted  or  inconsistent.  Also,  it  may  be  too  expensive. 

The  two  primary  concerns  of  the  report  are  (1)  the  improved  coordina^ 
tion  among  agencies  within  each  state  collecting  and  using  natural 
resource  data,  and  (2)  the  improved  responsiveness  of  federal  data 
producers  to  the  needs  of  state  users. 

Four  recommendations  from  the  study  were:  (1)  compile  a  single  data 
directory  listing  all  federal  data  types  and  sources;  (2)  coordinate 
federal  interagency  data  to  ensure  compatible  formats  and  reduce 
duplication;  (3)  monitor  other  federal  agency  requirements  that 
stimulate  state  data  use  so  producers  might  anticipate  state  needs; 
and  (4)  involve  states  more  directly  in  the  development  and 
programming  of  federal  data  collection  activities. 

Rangeland  Assessment  by  BLM:  The  environmental  analysis  process  has 
required  BLM  to  describe  objectively  the  condition  of  the  public 
rangelands,  the  increasing  public  awareness  and  strengthening 
Congressional  support  for  better  management  practices.  BLM  now 
believes  that  better  inventories  of  the  basic  resources  of  the  public 
rangelands,  including  soils,  vegetation,  watershed  conditions, 
wildlife  habitat,  etc.,  are  still  needed  $o  that  more  effective  land 
use  plans  can  be  developed. 

The  National  High-Altitude  Photographic  (HAP)  Data  Base  Program: 
in  1979  several  government  agencies  agreed  to  a  program  for  the 
acquisition  of  a  nationwide  aerial  photography  data  base  to  serve 
their  common  needs.  It  is  planned  to  acquire  high-altitude  photo- 
graphy of  the  conterminous  U.S,  Funding  for  this  program  will  be 
through  interagency  agreements.  Agencies  initially  involved  include 
the  Departments  of  the  Interior  and  Agriculture,  NASA,  EPA,  and  TVA. 
State  agencies  have  been  involved  in  the  planning  process.  The 
photography  will  be  available  for  purchase  and  use  by  public  and 
private  interests. 
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The  Domestic  Information  Display  System  CDIDS):  A  growing  number  of 
federal  agencies  are  cooperating  to  develop  a  computer  system  which 
could  provide  decisionmakers  with  almost  instant  access  to  statistics 
held  by  different  government  offices — ^and  make  interpreting  them  as 
easy  as  looking  at  maps.  DIDS  has  undergone  some  changes  but  it  has 
now  been  funded,  and  will  soon  be  operational. 

Monitoring  Provisions  of  the  Draft  California  Desert  Plan:  A  practical 
test  of  inventorying  the  natural  resource  values  of  a  region,  and  a 
good  case  study,  is  the  situation  which  confronted  BLM  in  preparing 
an  Environmental  Impact  Statement  for  the  California  Desert.  The 
draft  report  which  became  available  in  February  1980  is  a  case  study 
in  how  data  was  assembled  to  provide  a  current  status. 

Interagency  Agreement  Related  to  Classifications  and  Inventories  of 
Natural  Resources:  The  "Interagency  Agreement  Related  to  Classifi- 
cations and  Inventories  of  Natural  Resources"  was  signed  in  1978  by 
the  Bureau  of  Land  Management  (BLM),  the  Fish  and  Wildlife  Service 
(FWS),  the  Forest  Service  (FS),  the  Soil  Conservation  Service  (SCS), 
and  the  Geological  Survey  (GS)  in  response  to  several  needs  related 
to  natural  resource  inventories  including:  exchange  of  inventory 
information  among  agencies  in  a  consistent  manner;  and  federal  and 
state  coordination  in  data  collection  efforts,  including  where 
applicable  the  use  of  common  multi-resource  inventory  and  analysis 
procedures. 

Congress  has  recognized  that  the  collection  and  analysis  of  natural 
resource  information  must  be  coordinated.  This  need  is  reflected  in 
legislation  which  focuses  on  assessment  of  the  resource  information. 

Principal  objectives  of  the  Agreement  are  to  (1)  provide  guidelines 
and  to  assure  administrative  action  to  minimize  duplication  and  over- 
lapping efforts,  and  (2)  to  enhance  and  encourage  coordination  in 
overall  data  collection,  data  sharing,  appraisal  efficiency,  program 
compatibility,  and  to  expedite  technology  transfer.  In  order  to 
accomplish  the  objectives  of  the  Agreement,  an  organized  interagency 
operational  structure  was  formed  with  assignments  of  personnel  from 
each  agency  to  various  groups.  This  includes  a  Policy  Group,  a 
Program  Coordination  Group,  Research  Support  Group  and  Technical  Work 
Groups.  The  five  agencies,  through  the  Policy  Group,  provide  advice 
and  consultation  to  the  Director. 

Early  in  the  process  of  structuring  activities  to  be  accomplished  in 
terms  of  this  five-year  agency  effort,  four  major  elements  were 
identified:  (1)  classification,  (2)  data  element  dictionary, 
(3)  inventory  methods,  and  (4)  information  management. 

(1)  Classification:  Sharing  renewable  resource  informatton  requires 
a  common  framework  in  which  Information  about  the  land's  characteristics 
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can  be  organized.  Ecologically  based  classification  systems  for  each 
of  the  four  components  which  describe  land  in  terms  of  soil,  vegetation, 
water,  and  landform  will  provide  the  necessary  hierarchical  framework. 

(2)  Data  Element  Dictionary:  After  interagency  classifications  are 
available,  common  terminology  must  be  used  in  this  classification 
process  as  well  as  in  inventory  methods  and  for  information  management. 

(3)  Inventory  Methods:  Common  inventory  techniques  generating 
compatible  data  are  the  core  of  the  Agreement  and  include  what  and  how 
the  coirmionly  defined  data  elements  will  be  generated. 

C4)  Information  Management:  This  fourth  element  deals  with  how  data 
are  stored,  tabulated,  analyzed,  and  exchanged  once  collected. 

The  first  progress  report  from  the  Policy  Group  in  fall  1979  gave  the 
following  status  of  topics. 

1.  A  "Proposed  National  Site  Classification  System  for  Renewable 
Resource  Inventories  and  Assessments"  has  been  endorsed  by  all  five 
agency  heads.  The  soils  component  is  quite  complete,  but  the 
vegetative  component  needs  some  modification  and  refinement.  The 
aquatic  and  landform  components  must  still  be  developed. 

2.  A  general  strategy  for  the  development  of  common  terminology 
for  a  data  element  dictionary  has  been  approved.  A  comprehensive 
dictionary  is  installed  on  BLM's  computer  in  Denver,  Colorado,  and 
elements  which  are  of  interest  to  at  least  two  of  the  agencies  are 
to  be  maintained  in  a  special  section  as  Five-Agency  Data  Elements. 

3.  Two  major  work  areas,  identified  in  the  inventory,  are: 

(a)  Identify  the  major  renewable  resource  inventories  being  conducted 
by  each  of  the  five  agencies,  and  (b)  Identify  specific  areas  for 
coordination  among  the  five  agencies.  The  inventory  Technical  Work 
Group  is  identifying  inventories  where  coordination  exists  and  where 
additional  work  is  needed. 

4.  The  last  item  addresses  the  development  of  standards  and  methods 
to  facilitate  data  exchange:  Information  management,  which  is  divided 
into  two  parts:  Ca)  Consider  standards  needed  to  exchange  data--such 
as  those  necessary  for  digitizing  mapped  information  or  other  data  to 
be  placed  in  a  computer,  and  (b)  Study  the  different  ways  each  agency 
handles  and  uses  its  data.  The  needs  for  information  management 
standards  are  to  be  identified  and  standards  completed  by  the  end  of 
FY  1980. 

There  are  many  stages  in  the  work  scheduled  ur.'er  the  Agreement  where 
a  variety  of  Individuals,  groups,  and  organizations  have  an  Interest 
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1n  the  work  being  done. 

Other  state  and  federal  organizations  and  interests  will  become 
involved  as  the  need  arises. 

The  Technical  Working  Group  of  the  five  agencies  participating  in 
the  Interagency  Agreement  Related  to  Classifications  and  Inventories 
of  Natural  Resources  prepared  a  needed  chart  of  monitoring  responsi- 
bilities, both  for  point  source  and  mapped  areas,  for  the  categories 
of  soils,  vegetation,  water,  and  landform. 

Potential  of  Remote  Sensing:  Remote  sensing  is  a  tool  to  aid  gathering 
information  about  land  conditions  and  can  be  applied  with  a  minimum 
of  ground  verification. 

Assessments  of  the  potential  effects  of  alternative  land  uses  requires 
very  large  quantities  of  information  on  soils,  vegetative  cover,  water, 
landform  (topography),  and  climate  and  their  relationship  to  each 
other.  Both  federal  and  local  management  and  planning  decisions  may 
require  mapped  as  well  as  pinpointed  information.  The  basic  information 
required  to  satisfy  national,  state,  or  regional  program  planning, 
environmental  impact  statements,  management  plans,  and  day-to-day 
management  operations,  perhaps  differing  in  resolution  and  format, 
place  great  demands  on  appropriate  inventorying  and  monitoring  activ- 
ities. The  integration,  storage,  processing,  and  management  of  all 
these  kinds  of  data  place  demands  on  computer  assistance.  The 
collection  of  much  of  the  needed  data  increasingly  is  performed  by 
remote  sensing  instruments  situated  on  aircraft  and  spacecraft  and 
thus  able  to  obtain  broad  coverage  with  great  rapidity. 

The  amount  of  information  extracted  from  remotely  sensed  data  is 
dependent  on  the  type  of  equipment  used  and  the  type  of  land  to  be 
sensed.  The  purpose  and  requirements  of  the  data  collection  influence 
the  cost  and  effectiveness  of  it,  but  a  sensing  system  selected  for 
parameters  for  arid  lands  could  be  initiated. 

A  particular  advantage  of  remote  sensing  is  its  ability  to  cover  remote 
areas  or  areas  which  do  not  justify  the  expense  of  ground  surveys. 
Also,  remote  sensing  represents  a  powerful  analytical  tool  for  elim- 
inating the  often  high  percentage  of  nonfragile  and  nonproductive  areas 
of  deserts  that  are  of  less  concern,  leading  to  the  definition  of  the 
areas  of  critical  concern  that  justify  monitoring  and  documentation 
expense. 

In  1978  a  U.S.  Department  of  Agriculture  Remote  Sensing  User  Require- 
ments Task  Force  identified  over  800  Forest  Service  natural  resource 
information  requirements  which  were  compiled  in  a  Data  Users  Require- 
ments Task  Force  Catalog.  Each  requirement  was  addressed  in  terms  of 
its  current  potential  or  its  future  potential  for  being  classified. 
Interpreted,  or  measured  by  remote  sensing, 
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The  review  of  the  Remote  Sensing  User  Requirements  revealed  that  all 
these  requirements  can  be  divided  into  four  major  groups  based  upon 
application,  as  follows; 

1.  Classification  and  mapping  applications.  Units  of  land  are  ■ 
classified  by  vegetative  cover,  nonvegetative  cover,  land  use,  land  | 
form,  or  disturbance. 

2.  Interpretive  information  for  specific  applications.  Some 
examples  might  be  the  location  of  an  unusual  stress  condition, 
potential  landslide,  geological  hazards,  and  soil  erosion, 

3.  Measurements  of  resource  parameters.  These  measurements 
include  linear  distances,  heights,  numbers,  area  and  other  expres- 
sions of  the  size,  quantity  or  quality  of  basic  resources. 

4.  Observation  and  counts  of  occurrences.  This  category  is 
defined  as  the  determination  of  the  presence  or  absence  of  an  item 
such  as  erosion. 

With  remote  sensing  tools,  especially  Landsat,  resource  integration 
and  monitoring  program  is  feasible.  Existing  and  new  data  related 
to  geology,  topography,  soils,  vegetation,  present  land  use,  and 
climate  can  be  taken  and  placed  in  a  uniform  scale  and  known  degree 
of  accuracy  to  provide  reliable  base  maps  for  easy  reference  and  use. 

Qualitative  or  quantitative  data  can  be  acquired  for  periodic  surveil- 
lance concerning  important  desertification  phenomena  such  as  soil 
moisture,  shifting  and  migrating  sand  dunes,  changing  vegetation 
patterns,  degrees  of  salinity  and  alkalinity  in  cultivated  areas 
whether  periodic  or  permanent  changes,  and  other  phenomena.  Repetitive 
data  can  be  obtained  rather  quickly  and  cheaply  from  Landsat  satellites 
with  good  resolution  sufficient  for  broad  reconnaissance  purposes. 
The  temperature-measuring  capability  of  Landsat-3  and  of  the  NOAA  | 

satellite  (although  at  less  resolution  than  Landsat)  can  be  of  great 
value  in  monitoring  soil  moisture.  A  study  of  desertification  must 
be  conducted  Initially  on  a  reconnaissance  level. 
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Appendix  K:  Federal  Legislation  on  Renewable  Resources  Conservation 
and  Management 

2.  General  Existing  Legislation 

a.  Federal 

PL  42,  Chapter  152 
Miping  Law  of  1872 

-Am  Act  topromottUtt  Droriopmttd •/ tkt  miming  Ruoutem  •ftim  Umtud 
StaU*. 

PL  44,  Chapter  107 
Desert  Land  Act  of  1877 


A.n  act  to  proride  for  the  k»1c  ofdeeert  lands  in  certain  StfttM  and  Ter- 
ritoriea — 


PL  53,  Chapter  301 
Carey  Act  of  1894 


Skc.  4.  Tb:it  to  aid  the  ptiblir  land  State*  in  tin*  re<l;iin:ition  of  the 
desert  lands  thereiii,  and  the  Netlienient,  cuitivatiun  and  huK*  thereof 
in  sMiall  tiiirts  to  sictnal  H-ttlers, the  ScM-retary  of  the  Interior  with  the 
iijijiroval  of  Ihe  J'resideiit,  Ik*,  and  hereby  ih,  authorized  an«I  cni|K)w- 
ered,  upon  ]>rui»er  it])p1iration  of  the  State  to  eontraetand  agree,  fn>m 
time  to  time,  with  eaeh  of  the  SUites  in  whieh  there  may  be  situated 
desert  hinds  as  define<l  by  the  Act  entitled  "Au  Act  to  i»rovide  for  the 
sale  of  desert  laud  in  eertiiin  States  and  TenitorieB,"  approve*!  March 
third,  eighteen  hundred  aud  seventy-Reven,  and  the  Act  amendatory 
thereof,  approved  March  third,  eighteen  hundred  and  ninety-one,  bind- 
ing the  United  States  to  donate,  grant  and  ))atent  to  the  State  free  of 
cost  for  survey  or  price  such  desert  lands,  not  exreeding  one  million 
acres  iu  each  State,  as  the  State  may  cause  to  be  irrigated,  re^-laimed 
oceui)ied,aud  not  less  than  twenty  aeresof  each  one  hundred  and  sixty- 
acre  tract  cultivated  by  ar-tual  i»ett1ers.  within  ten  years  next  after  the 
passage  of  this  Act,  as  thoroughly  as  in  required  of  citizens  who  may 
enter  under  the  said  desert  land  law. 


PL  57-161 

National   Irrigation  Act  of  1902 


-An  Art  Appmnriatinirthe  retriptii  (mm  the  wle  and  dnpo«l  of 

Mill  Seat»^  an.l  ^  --• •'  - i— —  «• 

lor  the  rwluiiiatit)!!  of  arid  IhikIk. 


public  land-  in  <vrtj»iii  Stat*^  and  Tirritori.-!.  f.i  the  o>iuitniction  of  irrigation  vorfa 
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PL  61-435 

Weeks  Act  of  1911 


\n  Act  To  enable  any  Stato  to  cooperate  with  any  other  State  or 
Stalt':'.  or  with  the  United  State:",  for  the  pn)to»ti"n  of  the  watersheds  of  navigable 
streams,  and  tt<  appoint  a  commi-s.-'ion  for  the  at-quL-'ition  of  lands  for  the  purp<iHe  of 
cousorvin^  the  navigability  of  navigable  rivers. 


PL  64-290 

Stock-Raising  Homestead  Act  of  1916 

An   Act  To    provide   for    «tock-r»ising  home0t«ftdd,   and    f* 

purpoeea. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  ^**^ 
States  of  America  in  Confess  assemhled,  That  from  and  aftrr  w» 
passage  of  this  Act  it  shall  be  lawful  for  any  person  qualifi***!  •• 
make  entr^  under  the  homestead  laws  of  the  Umted  State*  to  m*** 
a  stock-raising  homestead  entry  for  not  exceeding  sLx  hiin<irp*i  *^ 
forty  acres  olimappropriatcd  unreserved  public  laiid  in  ''^'^^V^ 
compact  form:  Provided,  however,  That  the  land  so  entered  «^^ 
theretofore  have  been  designated  by  the  Secretary  of  the  Inu«** 
as  "stock-raising  land.s." 


PL  66-146 

Mineral    Leasing  Act  of  1920 

'^_  An  Act  To  promot«  th«  mining  of  coal,   pho«ph*t«,  oil,  oil  ahale, 

'^^  *od  Bodium  on  the  public  domain. 


PL  69-386 

Recreation  and  Public  Purposes  Act  of  1926 

An  Act  To  authorise  acnnisition  or  use  of  public  lands  by  Stat««, 
counties,  or  municipalitiea  for  rcereutiontil  purjxjsos. 

PL  73-121 

Fish  and  Wildlife  Coordination  Act  of  1934 

To  promote  the  conser\ation  of  wild  life,  fish,  and  game,  and  for  other  purposes. 
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PL  73-482 

Taylor  Grazing  Act  of  1934 


To  stop  injury  to  the  public  grazing  lands  by  preventing  overgrazing  and  soil 
deterioration,  to  provide  for  their  orderly  use,  improvement,  and  development, 
to  stabilize  the  hvestocit  industry  dependent  upon  the  public  range,  and  for 
other  purposes. 


PL  74-46 

Soil   Conservation  and  Domestic  Allotment  Act  of  1935 

To  provide  for  the  protection  of  land  resources  against  soil  erosion,  and  for  other 

purposes. 


and  amendments  of  1936  -  PL  74-461 


To  promote  the  conservation  and  profitable  use  of  agricultural  land  resources 
bv  temporarj-  Federal  aid  to  farmers  and  by  providing  for  a  j>crnianent  policy 
o^  Federal  aid  to  States  for  such  purposes. 


PL  83-566 

Watershed  Protection  and  Flood  Prevention  Act  of  1954 


•  uthorlie  th«  Secretary  of  Agrieultura  to  eooporato  with  State* 
local   agencies  In  tho  planning  and  carrying  out  of  worka  of  Im- 


An  Act  to 

and    locj 

provomant  for  soil  conservation,  and  for  other  purposes. 


PL  83-585 

Multiple  Mineral    Development  Act  of  1954 


To  iimend  the  mineral  leasing  laws  and  the  luiniim  laws  to  provide  for  maltlple 
mineral  deveU)|)iiient  of  the  same  tracts  of  the  public  lands,  and  for  other 
purposes. 


PL  84-1021 

Great  Plains  Conservation  Program  Act  of  1955 


Act  to  amend  the  Soil  Conservation  »"'•  D«'"*«*''i.VL°7V' otelt'pVint 
Agricultural    Adjustment    Act   of   1938  to   provide   for   a    ureai 


An 

conservation  program 
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PL  87-703 

Food  and  Agriculture  Act  of  1962 


An  Act  to  Improve  and  protect  farm  Income,  to  reduce  coita  of  farm  pro- 
gram! to  the  Federal  Government,  to  reduce  the  Federal  Governmenf* 
•  xceitive  stock!  of  agricultural  commoditiei.  to  maintain  reaionabie 
and  stable  prices  of  agricultural  commodities  and  product!  to  con- 
sumers.  to  provide  adequate  supplies  of  agricultural  commodit:fs  for 
domestic  and  foreign  needs,  to  conserve  natural  resources,  and  for 
other   purposes. 


PL  88-206 

Clean  Air  Act  of  1963 


(1)  to  protect  and  enhance  the  quality  of  the  Na- 
tion's air  resources  so  as  to  promote  the  public 
health  and  welfare  and  the  productive  capacity  of 
its  population ; 

(2)  to  initiate  and  accelerate  a  national  research 
and  development  projrrarn  to  achieve  the  prevention 
and  control  of  air  pollution; 

(3)  to  provide  technical  and  financial  assistance 
to  State  and  local  governments  in  connection  with 
the  development  ancf  execution  of  their  air  pollution 
prevention  and  control  programs;  and 

(4)  to  encourage  and  assist  the  development  and 
operation  of  regional  air  pollution  control  programs. 


and  Clean  Air  Act  Amendments  of  1977  -  PL  95-05 


PL  88-577 

Wilderness  Act  of  1964 


An 


Act    to    establish    a    National    Wilderness    Preservation    System    for   th« 
permanent  good  of  the  whole  people,   and   for  other- purposes. 


PL  88-578 

Land  and  Water  Conservation   Fund  Act  of  1965 


An  Act  to  establish  a  land  and  water  conservation  fund  to  assist  th«  State* 

and  Federal  aganclea  In  meeting  present  and  future  outdoor  recreation 
dafnanda  and  needa  of  tha  American  people,  and  for  other  purposes. 


and  amendment  -   PL  95-42   (1977) 
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PL  89-80 

Water  Resources  Planning  Act  of  1965 


An  Act  to  provid*  for  th«  optimum  d«v«lopment  of  th«  Nation's  natural  r*- 
•ource*  through  the  coordinated  planning  of  water  and  related  land 
reeourcee,  through  the  ettabllehment  of  a  water  reeourcea  council  and 
river  basin -commiaaione,  and  by  providing  financial  aasistanca  to 
the  SUtea  In  order  to  Increase  State  participation   In  such  planning. 


PL  89-560 

Community  Planning  and  Resource  Development  -  Soil   Surveys  of  1966 

An  Act  to  provide  that  the  Secretary  of  Agriculture  shall  conduct  the  soil 
survey  program  of  the  United  States  Department  of  Agriculture  so 
aa  to  make  available  soil  surveys  needed  by  States  and  other  public 
agencies,  including  community  development  districts,  for  guidance  In 
community  planning  and  resource  development,  and  for  other  our- 
poses.  '^ 

PL  90-542 

Wild  and  Scenic  Rivers  Act  of  1968 

It  i3  hereby  declared  to  be  the  policy  of  the  United  States  that 
certain  selected  rivers  of  the  Nation  which,  with  their  immediate 

environments,  possess  outstandingly  remarkable  scenic,  recreational, 
geologic,  fish  and  wildlife,  historic,  cultural,  or  other  similar  values, 
s.hall  be  preserved  in  free-flowing  condition,  and  that  they  and  their 
immediate  environments  shall  be  protected  for  the  benefit  and  en- 
joyment of  present  and  future  generations.  The  Congress  declares 
that  the  established  national  policy  of  dam  and  other  construction 
at  appropriate  sections  of  the  rivers  of  the  United  States  needs  to 
be  complemented  by  a  policy  that  would  preserve  other  selected 
rivers  or  sections  thereof  in  their  free-flowing  condition  to  protect 
the  water  quality  of  such  rivers  and  to  fulfill  other  vital  national 
conservation  purposes. 

and  amendment  -  PL  94-486  (1976) 

PL  90-583 

Noxious  Plant  Control   Act  of  1968 

To  provide  for  the  control  of  noxJoim  plant/t  on  land  oiider  the  control  Of 
JurlMdletlon  of  the  Kedeial  Government. 
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PL  91-190 

National   Environmental    Policy  Act  of  1969 

The  purposes  of  this  Act  are:  To  declare  a  national 
policy  which  will  encourage  productive  and  enjoyable  harmony  be- 
tween man  and  his  environment;  to  promote  efforts  which  will  pre- 
vent or  eliminate  damage  to  the  environment  and  biosphere  and 
stimulate  the  health  and  welfare  of  man;  to  enrich  the  understand- 
ing of  the  ecological  systems  and  natural  resources  important  to  the 
Nation;   and  to  establish  a  Council  on  Environmental  Quality. 


PL   91-559 

Water  Bank  Act  of  1970 


An  Act  to  provide  for  conserving  iurface  wateri;  to  preterve  and  Improvt 
habitat  for  migratory  waterfowl  and  other  wildlife  rrtourcet:  to  re- 
duce runoff,  soil  and  wind  erodon,  and  contribute  to  flood  control; 
and  for  other  purpoiet. 


PL  91-631 

Mining  and  Minerals   Policy  Act  of  1970 

The  Conprcss  declares  that  it  is  the  continuing  i)olicy  of  the 
Feclentl  Cinveniment  in  the  national  interest  to  foster  nnd  enVourace 
private  enteri)rise  in  (1)  the  development  of  economicnlly  sound  and 
stable  domestic  mininir,  minemls,  metnl  nivd  mineral  reclamation 
industries,  (J)  the  orJcrly  nnd  economic  development  of  domestic 
mineral  resources,  reserves,  nnd  reclamation  of  metals  nnd  minerals 
to  help  assure  satisfaction  of  industrial,  security  and  environmental 
needs,  (3)  mining,  mineral,  nnd  metallurjricnl  research,  including  the 
use  and  recyrlinc  of  scrap  to  i)romote  the  wise  and  efficient  use  of  our 
natural  and  re<Taimable  mineral  resources,  and  (4)  the  study  and 
development  of  methods  for  the  disposal,  control,  and  reclamation  of 
mineral  waste  products,  and  the  reclamation  of  mined  land,  bo  as  to 
lessen  any  adverse  impact  of  mineral  extraction  and  processing  upon 
the  physical  environment  that  may  result  from  mining  or  mineral 
activities. 


PL   92-195 

Wild  Horses  and  Burros  Act  of  1971 

It  is  the  policy  of  Congress  that  wild  free-roaming  horses  and 
burros  shall  be  protected  from  capture,  branding,  harassment,  or 
death;  and  to  accomplish  this  they  are  to  be  considered  in  the  area 
where  presently  found,  as  an  integral  part  of  the  natural  system  of 
the  public  lands. 
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PL  92-516 

Federal    Insecticide,  Fungicide  and  Rodenticide  Act  of  1971 

Registration  and  regulation  of  insecticides, 
fungicides,  and  rodenticides. 

and  amendment  PL  95-396   (1978) 

PL  93-205 

Endangered  Species  Act  of  1973 

To  J.r^.^i.^.    f'.r   tilt-  r,.nMTMiti f  .-imIj.iiu.t.mI  ;m.l  tliiv.ii»-nt-.l  -)>^i*->  "f  n>li 

wiMlifH.  :iii(l  pliiiii*.  hihI  f..r  ..tlicr  pnr)i..s»'s. 

PL  93-320 

Colorado  River  Basin  Salinity  Control   Act  of  1974 

An  Act  to  authorize  the  conttruction,  operation,  and  maintenance  of  cer- 
tain works  in  the  Colorado  River  Batin  to  control  the  talinity  of  water 
delivered  to  user*  in  the  United  State*  and  Mexico. 

PL  94-579 

Federal   Land  Policy  and  Management  Act  of  1976 

The  C'onprePs  (IpcIbtts  that   it  is  the  poliry  of  the 
riiited  Stntps  that — 

( 1 )  the  i)iil)Iir  hinds  l»e  n-tiiiiiwl  in  Fcileial  owiifi-shii).  unless  h> 
11  iTsiilt  of  tlie  land  use  pluiininp  piofciluro  provided  for  in  tlii> 
Act,  it  is  determined  that  disjwsal  of  a  i>«iliiiilar  i>an«l  will  mm  \o. 
the  national  interest; 

(2)  the  national  interest  will  be  l)est  rmlizrd  if  the  public  IhikIs 
and  their  resources  are  periodically  and  systematically  inveiitori<-.| 
and  their  present  and  future  use  is  projected  through  a  land  use 
plarminj;  prtH-e,ss  coordinated  with  other  Federal  and  State  plan- 
ning efforts; 

(3)  public  lan<ls  not  pivviously  desipiiated  for  any  si)e(itic  iix- 
and  all  existing  classifications  of  public  lands  that  woi-e  effe<  teil 
by  rxcrntive  action  or  statute  liefore  the  date  of  enHctiuent  of  tin- 
Act  l>e  reviewed  in  acconlance  with  the  {)rovisions  of  this  Act; 

(4)  the  Con^n'ss  exercis*-  it>  constitutional  authority  to  with- 
ilraw  or  otherwise  «lesijrnate  or  dedicate  Federal  lands  for  sjh'*  ilit-d 
pur|>oses  and  that  ('on;:ie.-s  delineate  the  extent  to  whi<-h  the 
Executive  may  withdraw  lands  withotit  le<:islative  action: 
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(5)  in  adiiiinistcrin;;  public  land  stututrs  mid  exepcisin;:  dix  n-- 
tionary  authority  granted  U\  tlinn.  the  Scin-tHry  l)0  n'quin(l 
to  pstal)lisli  comprehensive  rules  and  i»-;.'ulatio!js  after  consi«l«Tiiiy 
tlic  views  of  the  pcncral  public;  and  to  stiucture  adjudiratinii 
proccnluros  to  assure  adc(|uate  third  party  j>artii  ipation,  ol>je(tive 
adiiiiiiistrative  review  of  initial  dei  isions.  and  expeditious 
decisionmaking; 

(6)  judicial  review  of  public  land  adjudication  decisions  Ik»  pro- 
vided by  law; 

(7)  yoals  an«l  olijectives  be  established  by  law  as  g\iidelinrs  for 
J)ublic  land  us<>  plnnninp.  and  that  ninnnpement  be  on  the  basis 

of   multiple   use   and   sustained   yield   unless  otherwise  si>ecified 
by  law ; 

(8)  the  public  lands  \>e  managed  in  u  manner  that  will  protect 
the  quality  of  scientific,  scenic,  historical,  ecoloirical.  environ- 
mental, air  and  atmospheric,  water  resource,  ana  arclieological 
values;  that,  where  apjiropriate,  will  j)res<'rve  and  protect  certain 
public  lands  in  their  natural  condition;  that  will  provide  food 
and  habitat  for  fish  and  wildlife  and  domestic  animals;  and  that 
will  provide  for  outdoor  recreation  and  human  occupancy  and 
use; 

(9)  the  United  States  receive  fair  market  value  of  the  use  of  the 

Eublic   lands  and   their  lesources  unless  otherwise  provided  for 
y  statute; 

( 10)  uniform  pro<edure*  for  any  disposal  of  public  land,  acqui- 
sition of  non-Federal  land  for  public  purposes,  and  the  exchange- 
of  such  lands  be  established  bv  statute,  requiring  each  dispo8a1, 
acquisition,  and  exchange  to  be  consistent  with  the  prescribed 
mission  of  the  de{)artment  or  agency  involved,  and  reserving  to 
the  Congress  review  of  disposals  in  excess  of  a  s[)ecifie<i  acreage; 

(11)  regulations  and  plans  for  the  protection  of  public  land 
areas  of  critical  environmental  concern  be  promptly  developed; 

(12)  the  public  lands  be  managed  in  a  manner  which  recognires 
the  Nation's  need  for  domestic  sources  of  minerals,  food,  timber, 
and  fiber  from  the  public  lands  including  implementation  of  the 
Mining  and  Minerals  Policy  Act  of  1970  (84  Stat.  1876,  30  U.S.C. 
21a)  as  it  pertains  to  the  public  lands;  and 

(13)  the  Federal  Government  .should,  on  a  basis  equitable  to 
both  the  Federal  and  local  taxpayer,  provide  for  payments  lo 
compensate  States  and  local  governments  for  burdens  created  a.s 
a  result  of  the  immunity  of  Federal  lands  from  State  and  loc*l 
taxation. 


PL  94-580 

Resource  Conservation  and  Recovery  Act  of  1976 

To  provide  itM  hiilral  and  flDancial  aaslBtanc*  for  the  development  of  management 
pluns  and  facilities  for  the  recovery  of  enenty  and  other  ref>ourc«a  from  dl»- 
carded  materlHls  and  for  the  safe  disposal  of  diticarded  materials,  and  to  refu- 
late  the  manafement  of  hatardous  waste. 

PL  95-39 

Energy  Research  and  Development  Administration  Act  of  1977 

An  Act  to  authorlzt  appropriation*  to  the  Energy  Research  and  Development 
Admlnlttration  In  accordance  with  aection  261  of  the  Atonnic  Energy  Act 
of  19M,  as  amended,  section  305  of  the  Energy  Reorganization  Act  of  1974. 
and  section  16  of  the  Federal  Nonnuciear  Energy  Research  and  Develop- 
ment Act  of  1»74,  and  for  other  purposes. 
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PL  95-87 

Surface  Mining  Act  of  1977 


It  is  the  purpose  of  this  Act  to —    ' 

(n)  establish  a  nationwide  profrrani  to  i)rote('t  societv  and  the 
environment  from  tlie  adverse  efferts  oi  surface  coal  mining 
ojKrations; 

(1))  assure  tliat  the  riphts  of  surface  Inndowners  and  other 
persons  with  a  lo<Tal  intciest  in  the  land  or  appurtenances  tliereto 
are  fully  protected  from  such  operations; 

(c)  assure  that  surface  mininp  opeiations  are  not  conducted 
where  reclamation  as  required  hv  this  Act  is  not  feasible; 

(d)  assure  that  surface  coal  mi)iinfr  oi>erations  are  so  conducted 
as  to  piotect  the  environment ; 

(c)  assure  that  adequate  procedure?  are  undertaken  to  reclaim 
surface  areas  as  contemporaneously  as  possible  with  the  surface 
coal  rnininsonerations: 

(f)  assure  that  the  coal  supply  essential  to  the  Nation's  energy 
renuirements.  and  to  its  economic  and  sorinl  well-beinp;  is  pro- 
vided and  strike  a  balance  between  protection  of  the  environment 
and  agricultural  productivity  and  the  Nation's  need  for  coal  as  an 
esstMitial  soiirce  oi  enerpy ; 

ig)  assist  the  States  in  developin;:  and  implementing  a  pro- 
frram  to  achieve  the  purj)Oses  of  this  Act ; 

(h)  promote  the  reclamation  of  mined  areas  left  without  ade- 
qiiate  reclamation  i>rior  to  the  enactment  of  this  Act  and  which 
continue,  in  their  unreclaimed  condition,  to  substantially  dejrrade 
tlie  quality  of  the  environment,  prevent  or  damage  the  beneficial 
use  of  land  or  water  resources,  or  endanpcr  the  health  or  safety 
of  tlie  public; 

(i)  assure  that  appropriate  procediires  are  provided  for  the 
public  participation  in  the  dcvelojinient.  revision,  and  enforce- 
ment of  regulations,  standards,  reclamation  plans,  or  programs 
establi.shed  by  the  Secretary  or  any  State  under  this  Act; 

(])  provide  a  means  for  development  of  the  data  and  analyses 
necessary  to  establish  effective  and  reasonable  regulation  of  sur- 
face mining  operations  for  other  minerals ; 

(k)  encourage  the  full  utilization  of  coal  i-esourceb  through 
the  development  and  application  of  underground  extraction 
technologies: 

(1)  stimulate,  sponsor,  provide  for  and/or  supplement  present 
programs  for  the  conduct  of  research  investigations,  experiments, 
and  demonstrations,  in  the  exploration,  extraction,  processing. 
development,  and  production  of  minerals  and  the  training  of 
mineral  engineers  and  scientists  in  the  field  of  mining,  minerals 
resources,  und  technology,  and  the  establishment  of  an  appro- 
priate research  and  training  center  in  various  States;  and 

(m^  wherever  necessary,  exercise  the  full  reach  of  rederal  con- 
stitutional powers  to  insure  the  protection  of  the  public  interest 
through  effective  contix>l  of  surface  coal  mining  operations. 
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PL  95-113 

Food  and  Agriculture  Act  of  1977 


The  Secretan-.  in  formulating  the  national  program,  shall  take 
into  consideration  (A)  the  need  to  control  erosion  and  sedimenta- 
tion from  agricultural  land  and  to  conserve  the  water  resources  on 
such  land,  (B)  the  need  to  control  i>ollution  from  animal  waste*, 
(C)  the  need  to  facilitate  sound  resources  iiianagenient  RVRtems 
through  soil  and  water  conservation,  (D)  the  nee>d  to  encourage 
voluntary-  compliance  by  agricultural  producers  with  Federal  and 
State  requirements  to  solve  point  and  nonpoint  sources  of  pollu- 
tion, ( E)  national  priorities  reflected  in  the  National  Environmen- 
tal Policy  Act  of  1969  and  other  congressional  and  administrative 
actions,  (F)  the  degree  to  which  the  measures  contribute  to 
the  national  objective  of  assuring  a  continuous  supply  of  food 
and  filler  necessary'  for  the  maintenance  of  a  strong  and  healthy 
people  and  economy,  and  ((i)  the  type  of  conservation  measuiT* 
neeaed  to  improve  water  quality  in  rural  Americ*. 


PL  95-192 

Soil  and  Water  Resource  Conservation  Act  of  1977 

An  Act  to  provide  for  rurtherlng  tht  eontervatlon,  protection,  and  enhancement 
of  the  Nation'*  toll,  water,  and  related  reiourcet  for  euttained  use,  and 
for  ether  purpotei. 


PL  95-217 

Clean  Water  Act  of  1977 


Tho  objective  of  this  Act  is  to  restore  and  maintain 
tlie  chemical,  pliysical,  and  biological  integrity  of  the  Nation's  waters. 
In  order  to  achieve  this  objective  it  is  hereby  declared  that,  consistent 
with  the  provisions  of  this  Act — 

(1)  it  is  the  national  goal  that  the  discharge  of  pollutants  into 
tho  navigable  waters  be  eliminated  by  19S5  ; 

(2)  it  is  the  national  goal  that  wherever  attainable,  an  interim 
goal  of  water  ouality  which  provides  for  the  protection  and 
propagation  of  nsh,  shellfish,  and  wildlife  and  pro\ndes  for  rec- 
reation in  and  on  the  water  be  achieved  by  July  1,  1983: 

(3)  it  is  the  national  policy  that  the  discharge  of  toxic  pollut- 
ants in  toxic  amounts  be  prohibited ; 

(4)  it  is  the  national  policy^  that  Federal  financial  assistance 
be  pronded  to  construct  publicly  owned  waste  treatment  works; 

(5)  it  is  the  national  policy  that  areawide  waste  treatment 
management  planning  processes  be  developed  and  implemented 
to  assure  adequate  control  of  sources  of  pollutants  in  each  State; 
and 

(6)  it  is  the  national  policy  that  a  major  research  and  demon- 
stration effort  be  made  to  develop  tochnolog\-  necessary  to  elimi- 
nate the  discharge  of  pollutants  into  the  navigable  waters,  waters 
of  the  contiguous  zone,  and  the  oceans. 
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PL  95-237 

Endangered  American  Wilderness  Act  of  1978 


Congress  finds  and  declares  that  it  is  in  the 
Dational  interest  that  certain  of  these  endanj^red  areas  be  promptly 
designated  as  wilderness  within  the  National  Wilderness  Preservation 
System,  in  order  to  preserve  such  areas  as  an  enduring  resource  of 
wilderness  which  shall  be  managed  to  promote  and  perpetuate  the 
wilderness  character  of  the  land  and  its  specific  multiple  values  for 
watershed  preservation,  wildlife  habitat  protection,  scenic  and  historic 
preservation,  scientific  research  and  educational  use,  primitive  recrea- 
tion, solitude,  physical  and  mental  challenge,  and  inspiration  for  the 
benefit  of  all  of  the  American  people  of  present  and  future  generations. 


PL  95-306 

Renewable  Resources  Extension  Act  of  1978 

Congress  finds  that — 

(1)  the  extension  program  of  the  Department  of  Agriculture 
and  the  extension  activities  of  each  State  provide  useful  and  pro- 
ductive educational  programs  for  private  forest  and  range  land- 
owners and  processors  and  consumptive  and  nonconsumptive  users 
of  forest  and  rangeland  renewable  resources,  and  these  educa- 
tional programs  complement  resoarch  and  assistance  programs 
conducted  by  the  Department  of  Agriculture ; 

(2)  to  meet  national  goals,  it  is  es^^ntial  that  all  forest  and 
rangeland  renewable  resources  (hereinafter  in  this  Act  referred 
to  as  ''renewable  resources"),  including  fish  and  wildlife,  forage, 
outdoor  recreation  opportunities,  timber,  and  water,  be  fully  con- 
sidere<l  in  designing  educational  programs  for  landowners,  proc- 
essors, and  users; 

(3)  more  efficient  utilization  and  marketing  of  renewable 
resources  extend  available  supplies  of  such  resources,  provide 
products  to  consumers  at  prices  less  than  they  would  otherwise 
De,  and  promote  reasonable  returns  on  the  investments  of  land- 
owners, processors,  and  users; 

(4)  trees  and  forests  in  urban  areas  improve  the  esthetic  qual- 
ity, reduce  noise,  filter  impurities  from  the  air  and  add  oxygen  to 
it,  save  energy  by  moderating  temperature  extremes,  control  wind 
and  water  erosion,  and  provide  habitat  for  wildlife;  and 

(5)  trees  and  shrubs  used  as  shelterbelts  protect  farm  lands 
from  wind  and  water  erosion,  promote  moisture  accumulation  in 
the  soil,  and  provide  habitat  for  wildlife. 

PL  96-307 

Forest  and  Rangeland  Renewable  Resources  Research  Act  of  1978 

Congress  finds  that  scientific  discoveries  and  technologi- 
«al  advances  must  be  mudc  and  applied  to  support  the  protection,  man- 
agement, and  utilization  of  the  Nation's  renewable  resources.  It  is 
the  purpose  of  this  Act  to  authorize  the  Secretary  of  Agriculture 
(hereinafter  in  this  Act  referred  to  as  the  '^Secretary'')  to  implement 
a  comprehensive  program  of  forest  nnd  rangeland  renewable  resources 
research  and  dissemination  of  the  findings  of  such  research. 
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PL  95-467 

Water  Research  and  Development  Act  of  1978 


It  is  the  purpose  of  this  Act  to  assist  the  yation  and  the  States 
through  water  resources  science  and  tecKnolo^ — 

(a)  to  provide  a  supply  of  water  sufficient  in  quantity  and  qual- 
ity to  meet  the  Nation's  expanding  needs  for  the  production  of 
food,  materiala,  and  enerey ; 

(b)  to  preserve  and  enhance  our  water  resources  and  the  water- 
related  environment ;. 

(c)  to  promote  conservation  and  efficient  use  of  the  Nation's 
water  resources; 

(d)  to  promote  research  and  development,  demonstration,  and 
technology  transfer  dealing  with  both  quality  and  quantity  of 
water  resources; 

(e)  to  identify  and  find  practical  solutions  to  the  Nation's  water 
and  water  resources  relatea  problems; 

(f)  to  promote  the  training  of  scientists,  engineers,  and  other 
skilled  personnel  in  the  fields  related  to  water  resources; 

(g)  to  foster  and  tupplenient  present  programs  for  the  conduct 
of  research,  technology  development  and  transfer,  and  innova- 
tive water  resources  management,  conservation,  and  operating 
practices; 

(h)  to  provide  for  research,  development,  technology  demon- 
stration, and  transfer  with  respect  to  converting  saline  and  other 
impaired  waters  to  waters  suitable  for  municipal,  agricultural, 
industrial,  recreational,  or  other  beneficial  uses; 

(i)  to  diss<'minate  information  through  the  maintenance  of  a 
water  resources  scientific  information  center  with  adequate  infor- 
mation bases  so  that  the  Nation's  water  research  community, 
by  utilizing  the  center,  can  be  fully  informed  of  research  activi- 
ties and  other  type.';  of  information  necessary  for  them  lo  cffec-  ' 
tivelv  conduct  tlieir  work; 

(j)  to  better  oKirdinate  the  Notion's  water  resources  and  devel- 
opment proprams;  and 

(k)  to  enhance  the  capacity  of  the  Federal  water  eslablisli- 
ment,  and  of  water  interests  nationwide  for  recommending  to 
the  President  and  the  Corjpress  changes  in  national  water 
resources  research  and  technologv    policy  as  appropriate 
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PL  95-514 

Public  Rangelands   Improvement  Act  of  1978 

(a)  Tlie  Congress  finds  and  declares  that — 

(1)  vast  segments  of  the  ptiblic  rangrlnnds  are  producing  less 
than  their  potential  for  livestock,  wildlife  habitat,  recreation, 
forage,  and  water  and  soil  conservation  benefits,  and  for  that  rea- 
son are  in  an  unsatisfactory  condition ; 

(2)  such  rangelunds  will  remain  in  an  imsatisfactory  condition 
and  sonic  arras  may  decline  further  under  present  levels  of,  and 
funding  for,  managtmont; 

(3)  unsatisfnctory  conditions  on  public  rangelands  present  a 
high  risk  of  soil  loss,  desertification,  and  a  resultant  underproduc- 
tivity  for  large  acreages  of  the  public  lands;  contribute  signifi- 
cAntly  to  unacceptable  levels  of  siltation  and  salinity  in  major 
western  watersheds  including  the  Colorado  River;  negatively 
impact  the  quality  and  availability  of  scarce  western  water  sup- 
plies; threaten  important  and  frenuently  critical  fish  and  wildlife 
nabitat ;  prevent  expansion  of  tne  forage  resource  and  result- 
ing benofifs  to  livestock  and  wildlife  pnxluction;  increase  surface 
nmoff  and  flood  danger;  reduce  the  value  of  such  lands  for  rec- 
reational and  esthetic  purposes;  and  may  ultimately  lead  to  unpre- 
dictable and  undesirable  long-term  local  and  regional  climatic 
and  economic  changes; 

(4)  the  above-mentioned  conditions  can  be  addressed  and  cor- 
rected by  an  intensive  public  rangelands  maintenance,  manage- 
ment, and  improvement  program  involving  significant  increases 
in  levels  of  rangeland  management  and  improvement  funding  for 
multiple-use  values; 

(ft)  to  prevent  economic  disniption  and  harm  to  the  western 
livestock  industry,  it  is  in  the  public  interest  to  charge  a  fee  for 
livestock  grazing  permits  and  leases  on  the  public  lands  which 
]»  based  on  a  formula  reflecting  annual  changes  in  the  costs  of 
production : 

(6)  the  Act  of  December  l\  \97\  (M  Stat.  649, 16  U.S.C.  IWl 
et  seq.),  continues  to  bo  guccessfril  in  its  goal  of  protecting  wild 
free-roaming  horses  and  burros  from  capture,  branding,  harrass- 
ment,  and  death,  but  that  certain  nmendmrnts  are  necessary  thereto 
to  avoid  excessive  costs  in  the  administration  of  the  Act.  and  to 
facilitate  the  humane  adoption  or  disposal  of  excess  wild  free- 
roaming  horses  and  burros  which  because  they  exceed  the  carrying 
capacity  of  the  range,  pose  a  threat  to  their  own  habitat,  fish, 
wildlife,  recreation,  water  and  soil  conservation,  domestic  live- 
stock grazing,  and  other  rangeland  values: 
(b)  The  Congress  therefore  nereby  establishes  and  reaffirms  a 
txationnl  policy  and  commitment  to: 

(1)  inventory  and  identify  current  public  rangelands  conditions 
and  trends  as  a  part  of  the  inventory  process  required  by  section 
20Un)  of  the  Federal  I^nd  Policy  and  Management  .\ct  of  1976 
(43  U.S.C.  1711) ; 

CJ)  iii!ina;:c  niniiitinii  and  iuipiOM-  tlio  londilioii  "f  \\n-  j.iil>li. 
langi'liii'.ds  so  that  they  U'toiiu'  ns  pioductive  a-  fiii-iMf  tui  mII 
rani.'fIaiHi  \al\if>  in  acioidaiK-c  witli  iiiaiiagcinciil  olij' •!  im'-  and 
the  land  iim-  jilaiiiiin;:  procos  c^laiili-liod  j)ur^uaiit  in  -i-.lidn  -jo-j 
of  tlip  Krdcral  Land  Policy  and  .Mana^rciiicnt  .\'t  (  15  I  ..*».('. 
^'12); 

(3)  charge  a  fee  for  ])iil)lir  gritziii;.'  u-^c  which  ;s  ((initahlc  ami 
reflects  tlic  coiKcriis  addrc-scd  in  paiagraph  (a)("')  alxnc: 

(4)  continue  the  policy  of  protect  iiij.'  wild  freeintmiiiiL'  Iihim-^ 
and  burros  from  capture,  liianding.  liara-sinent.  i>r  dcafti.  wliilc 
at  tlie  same  time  fa<  ilitnting  the  iTinoval  and  disposal  of  cxtcss 
wild  frcp-roaniinjr  hoivcs  and  buiios  \\lii<li  moso  a  tliniit  totlifin- 
sclves  and  their  liabitai  ami  to  other  tangtland  vnlin-s 
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Executive  Order  11644 

Use  of  Off-Road  Vehicles  on  the  Public  Lands   (1972) 

It  IS  the  purpose  of  ihis  order  to 
establish  poliaes  and  provide  for  procedures  ihji  Mill  ensure 
that  the  use  of  off-road  vehicles  on  public  bnds  vkill  be 
controlled  and  directed  so  as  to  protect  the  resources  of  those 
lands,  to  promote  the  safety  of  all  users  of  those  lands,  and  to 
minimue  conflicts  among  the  various  uses  of  those  lands 

and  as  amended  in  Executive  Order  11989  (1977) 


b.     State 

(States  will   provide  specific  legislation.) 
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Appendix  L;  Federal  and  State  Institutional  Arrangements  for  Renewable 
Resources  Conservation  and  Management 

Introduction 

The  legal  and  institutional  arrangements  presented  here  provide  a 
framework  for  cooperation.  However,  such  a  framework  is  not  always 
used  to  its  fullest  and  best  extent.  For  example,  one  study  found 
that  the  main  water  problems  of  arid  and  semiarid  lands  did  not 
exist  because  of  technical  incapacity,  but  because  of  deficiencies 
in  the  institutional  arrangements  such  as: 

--lack  of  legislation  to  encourage  conservation; 
--lack  of  drought  contingency  plans;  and 

—lack  of  economic  incentives  to  treat  and  recycle  waste  water 
(Fogel  and  Harwood/NSF,  1978). 

The  goals  and  values  of  closely  related  institutions  often  are  seen 
as  clashing.  The  trend  towards  greater  centralization  of  government 
combined  with  a  heightened  concern  for  natural  and  wildlife  resources 
has  fostered  competition  rather  than  cooperation  between  the  States 
and  the  Federal  Government.  Federal  advocates  make  a  legitimate 
argument  that  theirs  is  the  broader  jurisdictional  reach  and  that 
populations  of  animals  should  be  subjected  only  to  integrated  and 
systematic  management  of  a  sort  which  cannot  by  its  nature  be  applied 
at  the  state  level.  In  rebuttal,  the  states  maintain  that  they, 
after  all,  are  on  location  in  the  field  with  the  personnel  and.  the 
initiative  to  deal  with  the  problems  at  ground  level. 

In  recent  years  there  has  been  a  marked  change  in  legislative  trends, 
specially  where  the  Department  of  the  Interior  has  responsibility. 
Early  legislation  in  the  area  of  fish  and  wildlife,  for  example,  was 
primarily  concerned  with  the  protection  and  preservation  of  food 
sources.  The  Bureau  of  Land  Management  had  a  custodial  role  until 
the  1976  Federal  Land  Policy  and  Management  Act. 

Other  pieces  of  legislation  concerning  various  aspects  of  natural 
resources  management  suggest  an  even  broader  concern.  This  concern 
reflects  a  more  comprehensive  understanding  of  humanity's  relation 
to  and  dependence  on  our  natural  and  wildlife  resources  (Herbst,  1979). 
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3.  Institutional 
Arrangements  for 
Renewable  Resources 
a.  CEQ  List 


COUNCIL  ON  ENVIRONMENTAL 
•'5UALI7Y 

roposed  List  of  Federal  Agencies  and 
Federal-State. Agericies  With 
Jurisdiction  by  La»v  or  Special 
Expertise  on  Environmental  Quality 
Issues 

AGENCY:  Council  on  Environmental 
Quality.  Executive  OfP.ce  of  the 
President. 

action:  Proposed  List  of  Federal 
Agencies  and  Federal-Stale  Agencies 
with  Jurisdiction  by  Law  or  Special 
Exprrtise  on  Environmental  Quality 
Issues. 

summary:  This  proposed  list  of  Federal 
agencies  and  Federal-State  agencies 
with  jurisdiction  by  law  or  special 
expertise  on  environmental  quality 
issues  is  submitted  for  public  comment. 
This  list  will  serve  as  a  reference  guide 
to  facilitate  agency  compliance  with  the 
National  Environmental  Policy  Acl 
|NEPA)  and  the  Ri-guiations  of  the 
Council  on  Environmental  Quality. 
DATES:  Comments  must  be  received  on 
or  before  Deremljer  18.  1979. 
ADDRESSES:  Comments  should  be 
addressed  to  Nicholas  C.  Yost.  General 
Counsel.  Attention — Proposed  List  of 
'derul  Agencies.  Coum  il  on 
.nvironmental  Quality.  722  I.ickson 
Place.  N.W.,  W.ishmg'on.  DC.  20006. 
FOR  FURTHER  lf4FOnWATlON  CONTACT: 
Charlotte  Dell,  Co-.insel.  202-395-11316.  or 


Foster  Knight.  Coun.scl.  (2021  ')<i5-5750. 
Council  on  Environmrnt.il  Qi.ilily 
(address  same  as  above). 
SUPPLEMENTARY  INFORMATION:  This 
proposed  list  will  revise  Appendix  II  to 
the  Council  on  Environmental  Quality's 
Guidelines  on  the  Preparation  of 
Environmental  Impact  Statements  (40 
CFR  Part  1500,  38  FR  20549.  Aug.  1,  1973) 
which  were  replaced  by  the  Council's 
NEPA  regulations  on  July  30,  1979.  For 
further  information  regarding  the 
content  and  organization  of  the  list,  refer 
to  its  introductory  par^igi  aph. 

The  Council  will  publish  in  the  near 
future  a  sep   ""ate  list  of  federal  agency 
offices  resj      .sible  for  undertaking 
environmtnt.il  reviews,  including 
addresses  and  telephone  numbers,  in 
order  to  facilitate  the  use  of  this  list. 

We  invite  agencies  and  the  public  to 
comment  on  this  proposed  list.  We  are 
particularly  interested  in  suggestions  for 
improving  the  way  in  which  the 
proposed  list  organizes  and  displays 
federal  agencies  with  jurisdiction  by  law 
and  special  expertise  on  proposals 
involving  effects  on  environmental 
quality.  Please  submit  any  comments  in 
writing  to  Nicholas  C.  Yost.  General 
Counsel.  Council  on  Environmental 
Quality.  722  Jackson  Place.  N.W., 
Washington.  DC.  20^)06  Comments  must 
be  submitted  by  December  18.  1979  in 
order  to  receive  timely  consideration. 
Nicholas  C.  Yost, 
Centura!  C'-'ur,sel. 
October  16,  19"9. 

Proposed  List  of  Federal  Agcm  ies  and 
Federal-State  Agencies  With  Jurisdiction 
by  Law  or  Special  Expertise  on 
Environmental  Quality  Issues  ' 

The  following  list  is  a  compilation  of 
all  federal  agencies  with  jurisdiction  by 
law  or  special  expertise  on 
environmental  quality  issues.  Agencies 
with  "jurisdiction  by  law"  are  defined  in 
section  1508.15  of  the  Council's  NEPA 
regulations  as  federal  agencies  with 
authority  to  approve,  veto  or  finance  all 
or  part  of  a  proposal.  Federal  regulatory 
approval  requirements  (including 
permits  and  licenses)  administered  by 
agencies  with  jurisdiction  by  law  are 
listed  under  the  appropriate  agency  and 
marked  by  an  asterisk  {*).' 


'  Ri\  er  B-tsin  CDnimissinns  (Di  ldvv.ire.  GreHl 
IjkfS  Mrss'iun.  Nt  v.  F.njjl.ind  Ohio,  f'.ii  ific 
Wirlhwcst.  Souris  Bi  d  R.iiiiy   S'jNquih  iim.i   I'pper 
M.S...ISS  ppi|  ami  sirular  fidi  la!  sl.ilc  j(;i  nc  ii-» 
«hiiul(J  be  consulti'J  on  dctinns  rtfffi  linj;  the 
t'UMruiimi:nt  of  Itieir  spi-ci.il  j><'"K''rt(ihic 
ju^l^Jl^tllln^  In  .ill  r.is.'S  «here  it  pnjiDsid  .itiuin 
Kill  h.ive  '  ynifiLiinl  inliTnuliKruil  fnviri'r'uicni.11 
eff>-(  Is   Ihi'  I)^p.irlnii-iil  iif  Sl.ilt  siiuil  I  l.r  <  nnsjlled 
.iiid  should  l)i'  si-nl  d  I  opy  of  .in\  drjfl  .ind  fin.il 
imp.icl  iil.iicmfiit  ihal  i  uvci!!  kiic  h  diiiun 

'[li'Cdiisr  irtwv  iiic  .inuTilcd  ur  nusv  l.iwi 
en.iCtod.  these  ropunsiiiililie:*  ni.t)  ch.inge  ax^ii  new 

-412- 


"Special  expertise"  is  diTined  in 
Section  ir.OH  2r>  of  the  NKI'A  ngul-.tions 
ns  statutory  re.sjionsibilily,  agency 
mission  or  rel.iteil  piD^rarn  experience. 
The  iiubject  of  "sptt.ial  expertise"  is 
lisled  ill  p.ireiitheses  opposite  the 
.ippropri.ite  .igency.  These  designations 
are  intiinled  \n  provide  examples  rather 
th.in  to  define  the  linii's  of  an  agency's 
expertise. 

The  Council  on  rinironmental  Quality 
has  prepared  this  list  to  supplement  its 
National  Fnviroiimcnlal  Policy  Act 
(NEPA)  regulations  whif.h  became 
effective  on  July  30.  1979.  Doth  the  public 
and  private  sectors  <ind  goveriimental 
agencies  may  use  this  list  as  a  reference 
guide  to  facilitate  their  participation  in 
and  compliance  with  the  NEPA  process. 
This  list  will  be  helpful  in  the  following 
ways: 

First,  the  Council  on  Environmental 
Quality's  NEPA  regulations  require  the 
federal  agency  having  primary 
responsibility  for  prep.i.-ing  an 
environmental  imp.ict  statement  (KIS) 
under  NEPA  (the  le.id  agency)  to 
determine  whrthiT  any  otht-r  federal 
agencies  have  jurisdiction  by  law  or 
special  expertise  with  respect  to  any 
environmental  effects  involved  in  a 
proposal  for  legisl.itiori  or  other  major 
fedf;ral  action  significantly  affecting  the 
human  environment.  40  CFR  1501.5(a^, 
1.501.6(a).  1,501. 7(a).  The  federal  lead 
agency  must,  at  the  c.iliest  possible 
time  in  the  .\HPA  piocess.  request  the 
p.irticipntion  of  fi  di  r.il  cooperating 
agencies  with  jurisdiction  by  law  or 
special  expertise  concerning  the 
proposal.  40  CFR  150V6(a).  1501.7(a). 
The  lead  agency  and  those  involved  in 
the  "scoping  process"  (See  40  CFR 
1501.7.)  may  use  this  list  to  help 
determine  vshich  other  federal  agencies 
should  be  requested  to  participate  as 
cooperating  agencies  in  the  NEIPA 
process. 

Second,  this  compilation  will  prove 
useful  to  those  whose  activites  or 
proposed  actions  rcijuire  federal 
regulatory  approvals  oy  facilitating  the 
identification  of  those  federal  agencies 
with  the  authority  to  issue'  applicable 
permits,  licenses  or  other  federal 
regulatory  approvals. 

Furtheimore.  a  major  goal  of  NEPA 
and  the  CFQ  regul.itions  is  to  encourage 
public  parlu.ip.ilion  in  agency 
decisionmaking  40  CFR  1500  2(d). 
indiv  iduals.  citizen  groups  and  state  and 
local  govfrnments  who  are  interested  in 
an  tnviruninental  issue  may  use  the  list 
to  h.?lp  identify  those  agencies  that  have 
jurisdiction  by  law  over  ur  special 


I 
I 


ur.es  m.ty  tic  added.  Thus,  the  diTinilue  (Iesii;n.ition 
of  an  n^i-nc>  with  lunsdiriion  b>  l.n*  di  pends  un 
the  l<iw  a  id  111)1  i)M  this  index. 
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expertise  in  n  proposal.  Those  interested 
mny  then  contact  the  potentially 
involved  agencies  to  obtain  information 
on  the  is.iiics  and  to  participate  in  the 
NEPA  process. 

The  list  is  organized  into  four  broad 
categories:  pollution  control,  energy, 
land  use.  and  natural  resource 
management.  Because  some  activities 
may  fall  into  more  than  one  of  these 
categories,  users  of  the  list  should 
consult  all  pertinent  entries. 

Index 

/.  Pollution  Control 

A.  Air  Pollution. 
&  Water  Pollution. 
C  Solid  Waste. 
p.  Noise. 
E.  Radialioo. 
P.  Hazardous  Substances. 
Toxic  Materials. 

Food  Additives  and  Contamination  of  Food 
Stuff. 
Pesticides. 

n.  Energy 

A.  Electric  Power. 

B.  Pelrolcunt. 
C-  Natural  Cas. 

D.  Coal  and  Minerals. 

Ill  Land  Use 

A.  Land  Use  Changes.  Planning,  and 
Rpgulalion  of  Land  Development 

B.  Public  Land  Management. 
C  Coastal  Areas. 

D.  Envirunmentally  Critical  Areas 

E.  Cofnrnunity  Development. 
Built-up  or  Distressed  Areas. 
Density  and  Congeslion  Mitigation. 
Neighborhood  Chaiacter. 

F.  Historic  Architectural,  and 
Archeological  Preservation. 

C.  Outdoor  Recreation. 

fV.  Natural  Resource  Management 

A.  Weather  Modirication. 

B.  Waterway  Regulation  and  Stream 
Modification. 

C  Soil  and  Plant  Conservation  and 
Hydrology. 

D.  Fish  and  Wildlife. 

E.  Renewable  Resources. 

F.  Energy  and  Natural  Resources 
Conservation. 

L  Pollution  Control 

A.  Air  Pollution 

Department  of  Agriculture 

Forest  Service  (effects  of  air  pollution 
on  vegetation  and  visibility;  Tire  smoke 
management). 

Soil  Conservation  Service  (effects  of 
air  pollution  on  vegetaliun;  wind 
erosion). 

Department  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (metenrological  and 
climatological  research  and  monitoring; 
urban  pollution). 


Di  •partnirnl  of  Di  fcnse 

Drpartmcnt  of  the  Air  Farce  (pollution 
from  milil.iry  aircraft). 

Department  of  Energy 

Energy  Information  Administration 
(emissions  from  energy  sources). 

'Approvals  of  plans  for  povkcr  plants 
and  major  fuel  burning  facilities: 

Federal  Energy  Administration  Act  of 
1974. 15  U.S.C.  7Gl-790h. 

Powerplant  and  Industrial  Fuf;l  Use 
Act  of  1978,  Pub.  L  95-620,  92  Stat.  3289. 

Department  of  Health.  Education,  and 
Welfare 

Public  1  lealth  Service: 

Center  for  Disease  Control  (effects  of 
air  pollution  on  health). 

National  Institutes  of  Health  (effects 
of  air  pollution  ond  health). 

Department  of  Housing  and  Urban 
Development  (housing  and  community 
planning) 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Management  (public 
lands). 

Bureau  of  Mines  (air  pollution  for 
mining  and  minerals  processing  and 
fossil  and  gaseous  fuel  combustion). 

Fish  and  Wildlife  Service  (effects  of 
air  pollution  on  Hsh  and  wildlife). 

Geological  Survey  (emissions  from 
outer-continental  shelf  lease 
operations). 

Heritage  Conservation  and  Recreation 
Service  (recreation). 

National  Park  Service  (visibility  in 
national  parks). 

Office  of  Surface  Mining  Reclamation 
and  Enforcement  (surface  mining). 

Department  of  Labor 

Mining  Safety  and  Health 
Administration  (airborne  pollutants  in 
workplace  (mines)). 

Occupational  Safety  and  Health 
Administration  (airborne  pollutants  in 
workplace. 

Department  of  Transportation 

Coast  Guard  (cargo  tank  venting  and 
vapor  recovery  systems). 

Federal  Aviation  Administration 
(aircraft  emissions). 

Federal  Hij,;hv/ay  Administration 
(highway  rL-latcd  air  quality  impacts: 
vehicle  cn.issions), 

Feder.d  R.iilro.id  Administration 
(locomr)iivp  tiuissior.s). 

Urli.tn  .M.i:;s  Tr.in.sporlation 
Adniin'sli.ition  (urban  trau.spurtalioa 
8ysten?s). 
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Environmental  Pwtctrtion  Agency 
(effects  of  air  pollution  on  public  health 
and  welfare:  air  qitnlity  criteria  and 
standards:  vehicle  and  airvmfl 
emissions} 

*  Prevention  of  aignin&int 
deterioration  of  air  quality.  42  U.S.C. 
7470  et  sag. 

'  Application  for  primary  non-ferroug 
smelter  order.  42  U.S.C  7419. 

*  Assuring  that  federal  projects 
conform  to  state  iniplementati(»n  plar\s 
under  Clean  Air  AcL  42  U.S.C.  7618. 

National  Aeronautics  and  Space 
Administration  (advanced  technology 
for  remote  sensing  of  air  quality 
parameters  and  for  reduction  of  aircraft 
engine  emissions} 

Nuclear  Regulatory  Commission 
(radioactive  substances} 

Tennessee  Valley  Authority  (  Tennessee 
Valley  region} 

B.  Water  Pollution 

Water  Quality 

Department  of  Agriculture 

Agriculture  Stabilization  and 
Conservation  Service  (agricultural 
lands). 

Forest  Service  (National  Forest  lands). 

Soil  Conservation  Service  (watershed 
protection) 

Department  of  Commerce 

Maritime  Administration  (marine 
pollution  from  ships). 

National  Oceanic  and  Atomospheric 
Administration  (management  and 
protection  of  coastal  and  marine 
resources. 

Department  of  Defense 

Army  Corps  of  Engineers: 

*  Rules  governing  work  or'structures 
in  or  affecting  navigable  waters  of  the 
United  Slates.  33  U.S.C.  40k.  403  and  419 

*  Permits  for  river  and  harbor 
improvement  projects.  33  U.S.C  541. 

*  Authority  to  enjoin  or  force  removal 
of  refuse  placed  in  or  on  the  banks  of  a 
navigable  water  or  tributary  of  a 
navigable  water  33  U.S.C  407. 

*  Permits  for  private  projects  to 
improve  navigable  waters.  33  U.S.C  5G5. 

*  Permits  for  discharges  of  dredj.;cd  of 
fill  materials  into  navigable  waters.  33 
use.  1344. 

*  Permits  for  transportation  of 
dredged  materials  for  dumping  into 
ocean  waters.  33  U.S.C.  1413. 

Department  of  Navy  (ship  pollution 
control). 
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Di'/ujrti»''iil  of  Eni'r\;y  /rncryy 

Dcpurtmrnt  of  Health.  Education,  and 
Wt'Ifare 

Public  Health  Service  (effects  of 
pollution  on  health). 

Department  of  the  Interior 

BurpHu  or  Indian  Affairs  [Indian 
lands). 

Bureau  or  Land  Management  public 
lands,  coastal  zone  management,  outer 
continental  shelf). 

Bureau  of  Mim-s  (mining  activities). 

Bureau  of  Ri.'(  l.im.ilion  (public  works). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Survey  (hydrology). 

Heritage  Conservation  and  Recreation 
Service  (effects  on  historic  or 
recreational  values). 

National  Park  Service  (National 
Parks). 

Office  of  Surface  Mining  Reclamation 
and  Enforcement  (hydrologic  balance  in 
surface  mining  activities). 

Office  of  Water  Research  and 
Technology  (water  resources  planning) 
Department  of  Transportation. 

Assistant  Secretary  for  Policy  and 
International  Affairs  (environmental 
review  of  departmental  programs). 

Coast  Guard  (oil  spills,  ship 
sanitation): 

*  Tanker  construction,  equipment, 
manning,  operation.  46  U.S.C.  391a. 

■  *  Oil  and  hazardous  substances 
discharge  prevention.  33  US  C.  1321. 

*  Pollution  prevention  (33  CFR  151. 
154-6). 

*  Vessel  navigation,  waterfront 
facility  regulations.  33  U  S.C.  1221  (50 
U.S.C.  191). 

•*  Certification  of  marine  sanitation 
devices.  33  U.S.C.  1322  (33  CFR  159). 

Environmental  Protection  Agency 
(treatment  works:  effluent  limitations: 
oil  and  hazardous  substance 
discharges) 

*  Permits  for  discharge  of  specific 
pollutants  under  aquaculture  project.  33 
U.S.C.  1328. 

*  Permits  for  disposal  of  sewage 
sludge.  33  use.  1345. 

*  Oil  spill  prevention,  containment 
and  countermeasure  plans  (prepared  by 
facility  owner/operator).  33  U.S.C.  1321, 
1361  (40  CFR  1112.7). 

*  Permits  for  treatment,  storage  or 
disposal  of  hazardous  wastes.  42  U.S.C. 
6925. 

*  Temporary  underground  injection 
permits.  Safe  Drinking  Water  Act.  41 
U.S.C.  300h(C)(l). 

*  National  Pollutant  Discharge 
Elimination  System  (NPDES)  permits.  33 
use  1342. 


Federal  Miiritinn-  Citnimission 

*  Certific.ites  of  fir.mrial 
responsibility  for  w.ilcr  pollution.  33 
U.S.C.  1321  (46  CFR  Part  .S42|:  42  U.S.C. 
1643  (4G  CFR  Part  5431:  43  U.S.C.  1H15  (46 
CFR  Part  544). 

National  Aeronautics  and  Space 
Administration  (advanced  technology 
for  remote  sensing  of  water  quality) 

Nuclear  Regulatory  Commission 
(radioactive  substances) 

Tcnnr.'isoe  Valley  Authority  (Tennessee 
Volley  Region) 

IVolcr  Rrsnurc.es  Council  [principles 
and  standards) 

River  Basin  Commissions  (as 
geographically  appropriate) 

Pollution  of  Marine  Resources 

Department  of  Commerce 

Maritime  Administration  (port, 
coastal  and  ocean  pollution): 

*  .Merchant  vessels,  polluting 
discharges  and  dumping.  46  U.S.C.  1101, 
et  seq. 

*  Port  operations,  polluting 
discharges,  and  dumping.  46  U.S.C.  367 
(41  Stat.  992). 

National  Oceanic  and  Atmospheric 
Administration  (coastal  zone 
management;  ocean  pollution). 

Department  of  Defense 

Army  Corps  of  Engineers: 

*  Rules  governing  w  ork  or  structures 
in  or  affecting  navigable  waters  of  the 
United  States.  33  U.S.C.  401,  403  and  419. 

*  Permits  for  river  and  harbor 
improvement  projects.  33  U.S.C.  541. 

*  Permits  for  private  projects  to 
improve  navigable  waters.  33  U.S.C. 
5651. 

*  Permits  for  discharges  of  dredged  or 
fill  nuterials  into  navigable  waters.  33 
U.S.C.  1344. 

*  Permits  for  transportation  of 
dredged  materials  for  dumping  into 
ocean  waters.  33  U.S.C.  1413. 

*  Authority  to  enjoin  or  force  removal 
of  refuse  placed  in  or  on  the  banks  of  a 
navigable  water  or  tributary  of  a 
navigable  water.  33  U.S.C.  407. 

*  Regulation  of  artificial  islands, 
installations  and  devices  on  the  outer 
continental  shelf.  43  U.SC.  1333(e) 

Department  of  the  Navy 
(oceanography;  pollution  from  ships). 

Department  of  Energy  [energy 
programs) 

Department  of  Health.  Education,  and 
Welfare 

Public  I  leulth  Service  (effects  on 
health). 
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Food  and  Drug  Administration 
(shellfish  s.initation;  contantm.ilKm  of 
fish  and  shellfish  with  toxics). 

Department  of  the  Interior 

Bure.iu  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Man.igcmenl  (public 
lands): 

*  Coral  harvesting  (outer  continental 
shelf)  43  U.S.C.  1334  (43  CFR  6224). 

*  Mineral  leasing  on  the  outer 
continental  shelf.  43  U.S.C.  1331-1343. 

Bureau  of  Mines  (ocean  mining). 
Fish  and  Wildlife  Service  (effects  on 
sport  fisheries). 
Geological  Survey: 

*  Permits  for  geological  and 
geophysical  exploration  on  outer 
continental  shelf.  43  U.S.C.  1340  (30  CFR 
251). 

*  Permits  for  exploration  and 
development  activiticjs  on  federal  oil 
and  gas  leases  on  the  outer  continental 
shelf.  43  use.  1331  ♦'/  srq.  (30  CFR  250). 

*  Estuarine  Areas  Act.  16  U.S.C.  1224. 
Heritage  Conservation  and  Recreation 

Service  (effects  on  historic  and 
recreational  values  of  marine  resources). 
Ocean  Mining  Administration  (otean- 
mining). 

Department  of  State  (international 
marine  resource  issues) 

Department  of  Transportation 

Coast  Guard  (ocean  dumping 
enforcement,  and  marine  resource 
protection). 

Environmental  Protection  Agency 

'  Permits  for  ocean  discharges.  33 
use.  1343. 

*  Discharge  of  specific  pollutants 
under  aquaculture  project.  33  U.S.C 
1328. 

*  Permits  for  disposal  of  sewage 
sludge.  33  U.S.C.  1345. 

*  Permits  for  transportation  of  ocean 
discharge  materials.  33  U.S.C.  1412. 1414. 

National  Aeronautics  and  Space 
Administration  (advance  technology  for 
remote  sensing  of  water  quality) 

Nuclear  Regulatory  Commission 
(radioactive  substances) 

Water  Resources  Council  [principles 
and  standards  for  water  plans) 

River  Basin  Commissions  (as 
geographically  appropriate), 

C.  Solid  Waste 

Department  of  Agriculture 

Forest  Service  (National  Forests  and' 
Grasslands). 

Soil  Conservation  Service  (watershed 
protection). 
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Depart  mart  of  Comiperce 

Maritime  Administration  (marine 
pollution  from  ships). 

Department  of  Defense 

Army  Corps  of  Engineers: 

*  Rules  governing  work  or  structures 
in  or  affecting  navigable  waters  of  the 
United  States.  33  U.S.C  401.  403  and  419., 

*  Discharge  of  dredged  or  fill 
materials  into  nax-igable  waters.  33 
U5.C1344. 

*  Transportation  of  dredged  materials 
for  dumping  into  ocean  waters.  33  U.S.C 
1413. 

Department  of  Health,  Education,  and 
Welfare 

Public  Health  Service: 

Center  for  Disease  Control  (effects  on 
health). 

Food  and  Drug  Administration 
(contamination  of  food  resulting  from 
disposal  of  municipal  and  industrial 
waste  treatment  sludge). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Management  (public 
lands). 

Bureau  of  Mines  (mineral  waste,  mine 
acid  waste,  municipal  solid  waste, 
recycling). 

Geological  Survey  (geologic  and 
hydrologic  effects). 

National  Park  Service  (National 
Parks). 

Office  of  Surface  Mining  Reclamation 
and  Enforcement  (surface  mining 
wastes); 

\  Department  of  Transportation 

Coast  Guard  (ship  sanitation). 

Environmental  Protection  Agency  (solid 
wastes  and  recycling— generally) 

*  Permits  for  disposal  of  sewage 
,  sludge.  33  use  1345. 

'     *  Control  and  disposal  of  solid  waste. 
US.C . 

*  Resource  Conservation  and 
Recovery  Act.  42  U.S.C.  69C4  (40  CFR  3. 
33.255). 

*  Permits  for  treatment  storage,  or 
disposal  of  hazardous  wastes.  42  U.S.C 
(392S. 

j     •  Use  of  restricted  toxic  substances — 
I  exemptions  from  rules/regulations.  15 
.U.S.C  2601-2629. 

*  Transportation  and  handling  of 
hazardous  substances. U.S.C 


General  Services  Administration  (public 
buildings) 

Nuclear  Rcauhtory  Commission 
(radioactive  waste) 

•  Licensing  of  mdionctive  wastes.  42 
U.S.C.  2071-2114.  5M2  {10  CFR  P.irts  20. 
40). 

Tennessee  Valley  Authority  (Tennessee 
Volley  region) 

Water  Resources  Council 

River  Dasin  Commissions  (as 
geographically  appropriate). 

D.  Noise 

Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands). 

Department  of  Commerce 

National  Bureau  of  Standards 
(measurements,  standards,  and 
methods). 

Department  of  Defense 

Department  of  the  Air  Force  (military 
aircraft  noise). 

Department  of  Health,  Education,  and 
Welfare  (effects  on  health) 

Department  of  Housing  and  Urban 
Development 

Office  of  Community  Planning  and 
Development  (environmental  criteria 
and  standards  for  housing  and  land  use). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Management  (public 
lands): 

*  Lease  of  public  lands  for  airports.  491 
U.S.C  211-214  (43  CFR  2640). 

•  Off-road  vehicle  noise.  (E.0. 11644). 
FR . 

Bureau  of  Mines  (mine  noise,  blasting 
and  vibration). 

Department  of  Labor 

Mining  Safety  and  Health 
Administration  (noise  in  the  workplace). 

Occupational  Safety  and  Health 
Administration  (noise  in  the  workplace). 

Department  of  Transportation 

Federal  Aviation  Administration; 
Office  of  Environment  and  Energy: 

*  Airport  construction,  alteration,  etc 
49  U.S.C.  1350.  1354.  1355  (14  CFR  157). 

Federal  Highway  Administration 
(traffic  and  motor  carrier  noise). 

Federal  Railroiid  Administriition 
(railroad  noise). 

Urban  Mass  Transportation 
Administration  (transit  noise). 

-415- 


Emironmental  Prolnctinn  Agrncy 

*  Noise  Control  Act  of  HJ72.  42  U.S.C 

4901 -»318. 

*  National  Acroniiutio  (ind  Spa<;e 
Administration  (advance  technology  for 
rcdurtiun  of  aircraft  noise) 

£.  Radiation 

Department  of  Commerce 

National  Bureau  of  St.md.irds 
(measurements,  standards,  mcthodi;  and 
data). 

Department  of  Energy 

Office  of  Energy  Technology  (nuclear 
energy). 

Department  of  Health,  Education,  and 

Welfare 

Public  Health  Service: 

Food  and  Drug  Administration  (health 
and  safety:  contamination  of  food  with 
radioactive  materials). 

.National  Institutes  of  Health  (health). 

Department  of  the  fntx:rior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  uf  Land  Management  (public 
lands): 

*  Leases  for  phosphate  and  uranium. 
U.S.C. . 

*  Leases  for  withdrawal  of  public 
lands  for  radiation  waste  depository 
(deep  burial). U.S.C. — . 

Bureau  of  Mines  (uraniunj  mines). 
Geological  Survey  (was'.e  disposal). 

Department  oflMbor 

Mining  Safety  and  Health 
Administration  (uranium  mines). 

Occupational  Safety  and  Health 
Administration  (worker  exposure  to 
sources  of  radiation  not  covered  by  the 
Department  of  Energy). 

Department  of  Transportation 

Federal  Highway  Administration: 
Bureau  of  Motor  Carrier  Safety 
(enforcement  of  hazardous  materials 
regulation  for  highway  transportation  in 
interstate  commerce). 

Environmental  Protection  Agency 
(radioactjve  air  emissions) 

Nuclear  Regulatory  Commission 
(radiation  effects — generally) 

*  Licenses  for  special  nuclear 
material.  42  U.S.C.  2073-2078  (10  CFR 
Part  70). 

*  Licenses  for  source  material  42 
U.S.C.  2091-2()<)9  (10  CFR  Part  40), 

*  Licenses  for  by-prinluct  material.  42 
U.S.C.  2111-2114  (10  CFR  P.srts  30-35). 

*  Licensing  for  iiiilizalion  or 
production  f.icililio s  for  industrial  or 
commercial  purposes.  42  U.S.C  2131- 
2133  (10  CFR  P.irt  50). 
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-    *  I.icnnsing  ulili7.)ti'jn  or  pri)vJuction 
facilifirs  for  ini'ilicil  Ihi-r.ipy  and 
rcsodrth  nnd  ilcvclo^munt.  42  U.S.C. 
2134  (10  CFR  P.irl  50). 

'  NucloHT  power  reactor  oporiilors 
license.  42  U  S  C  2137  (10  CFR  Piirt  55). 

*  Licensing  onil  rcguldting  Department 
of  Energy  demonstration  reuclors.  42 
U.S  C.  5842. 

*  Licensing  Department  of  Energy 
fdcilities  for  receipt. and  storage  of  high- 
level  radioactive  wastes.  42  US  C.  5842, 

F.  Hazardous  Substances 

Toxic  M;<terials 

ConsimuT  Prudrcl  Sc^rty  Cummtssion 
(consun)r-r  product  safety) 

Department  of  Agriculture 

Agricultural  Marketing  Services 
(consumer  protection). 

Animal  and  Pl.int  Health  Inspection 
Service  (disease  vectors). 

Department  of  Commerce 

Maritime  Administration  (port, 
coastal  and  ocean  pollution): 

*  Merchant  vessels,  polluting 
discharges  and  dumping.  46  U.S.C.  1101 
et  seq. 

'  Port  operations,  polluting  discharges 
and  dumping.  46  U.S.C.  8C7  (41  Stat. 
992). 

National  Bureau  of  Standards 
(measurements,  standards  methods  and 
data.] 

.National  Oceanic  and  Atmospheric 
Administration  (coastal  and  marine 
resources  management  and  protection). 

Department  of  Defense  (military 
operations) 

Department  of  Health,  Education,  and 
Welfare 

Public  Health  Service: 

Center  for  Disease  Control  (health 
issues). 

Food  and  Drug  Administration 
(contamination  of  food). 

National  institutes  of  Health  (health 
issues). 

Department  of  Housing  and  Urban 
Development 

'  Office  of  Policy  Development  and 
Research  (lead-based  paint  poisoning 
prevention  research). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indians  and 
Indian  lands). 

Bureau  of  Land  Management  (public 
lands). 

Bureau  of  .Mines  (disposal  methods  for 
selected  milling  and  mine  wastes). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Natiuniil  Park  Service  (.National 
parks). 


Office  of  Surface  Mining  Ri ctamation 
and  Enforcement  (sLiface  mining). 

Department  of  Labor 

Mining  Safely  and  He.ilth 
Administration  (mining  haz.irds). 

Occupational  Safety  and  Health 
Administration  (workplace  hazards). 

Department  of  Transportation 

Coast  Guard: 

*  Transportation  of  hazardous 
materials  by  vessel.  46  U.S.C.  170.  375. 
391a,  418,  49  U.S.C.  1G55.  1803.  1804. 
1808;  50  use.  198. 

*  Navigation  and  waterfront  facility 
regulation.  33  U.S.C.  1221,  1224, 1321;  50 
use.  191. 

*  Hazardous  substance  discharge  to 
navigable  waters.  33  U.S.C.  1321. 

Federal  Highway  Administration. 

Bureau  of  Motor  Carrier  Safety 
(hazardous  material  transportation  in 
interstate  com.Tierce). 

Federal  Rail.-^oad  Administration 
(railroad  transport). 

Research  and  Special  Programs 
Administration  (hazardous  cargo, 
pipelines). 

Materials  Transportation  Bureau: 

*  Transportation  of  hazardous 
materials.  42  U.S.C.  1805-1806. 

*  Permits  for  facilities  to  handle 
hazardous  materials.  42  U.S.C.  1805- 
1806. 

Environmental  Protection  Agency 
(hazardous  air  and  water  pollutants) 

*  Permits  for  treatment,  storage  or 
disposal  of  hazardous  wastes.  42  U.S.C. 
6925. 

*  Use  of  restricted  toxic  substances — 
exemptions  from  rules/regulations.  15 
U.S.C.  2601-2629. 

*  Transportation  and  handling  of 
hazardous  substances. U.S.C. 


Food  Additives  and  Contamination  of 
Foodstuffs 

Department  of  Agr-iculture 

Food  Safety  and  Quality  Service 
(meat  and  poultry  products). 

Department  of  Health.  Education,  and 
Welfare 

Public  Heath  Service. 
Food  and  Drug  Administration  (effects 
on  health). 

Environmental  Protection  Agency 
(effects  of  pollution) 

Pesticides 

Department  of  Agriculture 

y\nimal  Pi^mt  Health  and  Inspection 
Service  (control  of  animal  and  plant 
pests). 
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Food  Safety  and  Quality  Service 
(consumer  protection). 

Forest  Service  (National  Forest  and 
Grasslands). 

Science  and  Fdur.ition  Administration 
(biological  controls,  food  and  fiber 
production). 

Soil  Conser\'ation  Service  (watershed 
protection). 

Department  of  Commerce 

Maritime  Administration  (merchant 
ship  operations). 

National  Oceanic  and  Atmospheric 
Administration  (effects  on  marine  life 
and  the  coastal  zone). 

Department  of  Defense 

Armed  Forces  Pest  Management 
Board  (pesticide  use  on  DOD  lands, 
facilities  and  equipment;  control  of 
disease  vectors). 

Armed  Services  Explosive  Safety  ' 
Board  (control  of  pests  for  munitions 
and  explosive  devices). 

Department  of  Health.  Education,  and 
Welfare 

Public  Health  Service: 

Center  for  Disease  Control  (effects  on 
health) 

Food  .and  Drug  Administration 
(contamination  of  food) 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Management  (public 
lands). 

Bureau  of  Reclamation  (irrigated 
lands). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

.National  Park  Service  (national 
Parlts). 

Department  of  Labor 

Occupational  Safety  and  Health 
Administratiorv (worker  exposures 
during  manufacture  of  pesticides). 

Department  of  Transportation 

*  Permits  for  transportation  of 
hazardous  materials.  49  U.S.C.  1805- 
1806. 

*  Approval  for  shipments  of  Class  A 
explosives.  46  U.S.C.  170(7). 

'  Permits  for  facilities  to  handle 
hazardous  materials.  49  U.S.C.  1805- 
1806. 

Coast  Guard: 

*  Permits  for  transportation  of 
hazardous  sub.slances.  46  U.S.C.  170. 
391a. 

*  Navigation  .md  waterfront  facility, 
regulation.  33  U.S.C.  1221. 1321:  50  U.S 
191. 

Federal  Aviation  Administration 
(transport  by  air). 
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Fi-dcral  Highway  Administration. 

Hurcau  of  Motor  Currier  Safety 
(pesticide  transport  in  interstate 
commerce). 

Federal  Railroad  Administration 
(tran.sporl  by  rail). 

Research  and  Special  Program§ 
Administration. 

Materials  Transportation  Bureau 
(transport). 

Environmental  Protection  Agency 

'  Permits  for  treatment,  storage  or 
disposal  of  hazardous  wastes.  42  U.S.C. 
0925. 

*  Certification  of  pesticide  users.  7 
U.S.C.  135-136y  (40  C.F.R  Part  171). 

*  Registration  of  pesticides.  7  U.S.C. 
1B3a. 

*  Experimental  Use  Permits.  7  U.S.C. 
163a.  (40  C.F.R.  Pari  172). 

II.  Energy 

A.  Electric  Power  Development, 
Generation  and  Transmission,  and  Use 

Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands). 

*  Rights-of-way  for  electrical, 
communication,  water  facilities  and 
roadways.  16  U.S.C.  522  et  seq.  (CHI 
251.50). 

Rural  Electrincation  Adminsitration 
j  (rural  areas) 

f      'f.lectrical  generation  and 
■  transmission  projects.  7  U.S.C.  901  et 
seg. 

Department  of  Defense 

Army  Corps  of  Engineers  (I  lydro): 

*  Rules  governing  work  or  structures 
m  or  affecting  navigable  waters  of  the 
United  States.  33  U  S  C.  403. 

*  Permits  for  discharges  of  dredged  or 
!  fill  material  into  navigable  waters.  33 

U.S.C.  1344. 

*  Regulation  of  artificial  island*, 
installations,  and  devices  on  the  outer 
continental  shelf.  43  U.S.C.  1333(e). 

Department  of  Energy 

I     Federal  Energy  Regulatory 
Commission  (hydroelectric  power, 
electric  transmission,  electric  supply, 
facility  siting): 

'Regulation  of  interconnection  of 
electric  transmission  facilities,  and 
regulation  of  enlargement  of  electric 
transmission  facilities  for  wheeling.  16 
U.S.C.  824-B25K  (18  CFR  32). 

'Regulation  of  the  development  of 
water  power  including  the  licensing  of 
non-Federal  hydroelectric  power 
projects.  Federal  Power  Act.  16  U.S.C 
791-825r  (18  CFR  4-25.  36, 131. 141). 

Office  of  Conservation  and  Solar 
Applications  (transportation  industry: 
public  buildings;  industrial  heating). 


Office  of  Energy  Technology 
(technology  devel()[)menl). 

Power  Marketing  .Administration  (as 
geographically  appropriate). 

'Approvals  for  plans  for  power  plans 
and  major  fuel  burning  facilities: 

Federal  Energy  Administration  Act  of 
1974.  15U.S.C.  7ei-7!X)h. 

Powerplant  and  Industrial  Fuel  Use 
Act  of  1978,  Pub.  L  9S-629,  92  Stat.  3289. 

Department  of  Health.  Education,  and 
Welfare 

Public  Health  Service. 
National  Institutes  of  Health 
(radiation  effects). 

Department  of  Housing  and  Urban 
Development  (urban  areas) 

Department  of  the  Interior 

Bureau  of  Indian  Affairs: 

'Leases  of  Indian  lands.  25  U.S.C. 
392^03b.  415  (25  CFR  Part  131). 

'Leases,  permits,  casements  of  public 
lands.  43  U.S.C.  931c.  931d  (43  CFR  Part 
9). 

'Rights-of-way  over  Indian  lands.  25 
use.  311  et  seq.  (25  CVR  Part  161);  25 
use.  15  (25  CFR  Parts  231-233). 

Bureau  of  I^nd  Management  (public 
lands): 

'Licenses  for  synthetic  liquid  fuel 
facilities.  30  U.S.C.  323. 

'Placer  mining  claims  on  lands 
withdrawn  or  reserved  for  power 
development  or  power  sites.  30  U.S.C 
621. 

•Ceolhermal  leases.  30  U.S.C  1002- 
1011. 

'Rights-of-way  (various  purposes,  e.g., 
power  lines  and  authorities).  See  43  CF'R 
Parts  280a  2811,  2820.  2B40.  2850.  2a7a 
2880.  2890. 

'Mineral  leasing  on  the  outer 
continental  shell.  43  U.S.C  1331-1343. 

'Uranium  leases  (acquired  lands). 

—  use . 

'Solar  energy  facility  siting. 

U.S.C . 

*F*ublic  works — leases,  permits, 
easements.  43  U.S.C.  931c  931d  (43  CFR 
Part  9). 

Bureau  of  Mines  (mining  research). 

Bureau  of  Reclamation. 

*  Public  works — leases,  permits, 
easements.  43  U.S.C.  931c  931d  (43  CFR 
Part  9). 

Geological  Survey  (classification  of 
federal  lands  as  to  their  water  power 
and  water  storage  values). 

*  Geothermal  lease  operations.  30 
use  1023  (30  CFR  270-271). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

*  Public  works — leases,  permits, 
easements.  43  U.S.C.  931c  931d  (43  CFR 
Part  9). 


Heritage  Conservalion  and  Rei.nafion 
Service  (effects  on  historic  or 
recreational  values). 

National  Park  Service. 

*  Rtghts-of  way  through  parks  or 
reservations  for  jKiwer  and 
communications  fHcilities.  16  US.C  S. 

Drpartment  of  Transportation 

Federal  Highway  Administration. 

*  Relocation  and  accomodiition  of 
utility  facilities  on  highway  rights-of- 
way  23  use.  109(1).  116. 123  (23  CF'R 
Part  645). 

Environmental  Protection  Agency 
(pollution  control). 

Nuclear  Regulatory  Commission 

■    *  Licensing  for  utilization  or 
production  facilities  for  industrial  or 
commercial  purposes.  42  U3.C.  2133  (10 
CFR  50). 

*  Nuclear  power  reactor  operator's 
licnescs.  42  U.S.C  2137  (10  CF'R  Pari  55). 

*  Licensing  uranium  milling 
operations.  42  U.S.C  2091  ot  seq.  (10 
CFR  Part  40). 

*  Licensing  and  rt^ilntlng 
demonstration  rvaclors.  42  U.S.C  2134. 
5842  (10  CFR  Part  50). 

Drpurtment  of  Transportation  ( transport 
of  sources/ 

F'ederal  Aviation  Administration. 

Tennessee  Valley  .Authority  (Tennessee 
Vulley  Region) 

Water  Resources  Council  (woier 
resources  planning  and  data) 

River  B<isin  Commissions  (as 
geographically  appropriate). 

B.  Petroleum  Development.  Extrocfioa. 

Refining.  Transport  and  Use 

Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands). 

Department  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (costal  and  marine 
resources — management  and 
protection). 

Maritime  Administration  (port,  costal 
and  ocean  pollution). 

'  Merchant  vessels.  42  U3.C  1101  et 
seq. 

*  Port  operations.  42  U.S.C.  867  (41 
Stat.  992). 

Department  of  Defense 

Army  Corps  of  Engineers. 

*  Rules  governing  work  or  structures 
in  or  affecting  the  navigable  waters  of 
the  United  States.  33  US.C  403. 

*  Permits  for  discharges  of  dredged  of 
fill  materials  into  navigable  water.  33 
U.S.C.1344. 
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*  Rrgulation  of  drtificidl  island*, 
installations,  and  d(>vices  on  the  outer  , 
(-ontincnlal  shelf.  43  U.S  C.  1333  (e). 

pt'^rtnH;nt  of  Energy 

OfTrce  of  Enci^y  TechnoTogy 
^technology  development). 

Peparlnient  of  the  Interior 

Bureau  of  Indian  AfTairt. 

*  Rights-of-way  over  Indiati  tands.  25 
U.S  C.  311.  et  seq.  (25  CFR  Part  Iffl.  171. 
172. 183. 184). 

*  Leases  for  mining,  oil  and  gas. 
farming  and  other  uses  on  federal  land». 
25  U.S.C.393  et  seq.  (25  CFR  171. 172). 

Bureau  of  Land  Management  (public 
lands  and  outer  continental  shelf). 

*  Application  for  patents  on 

■     phosphate,  nitrate,  oil  and  asphaltic 
mineral  deposits.  30  U.S.C.  121. 122. 123. 

'Oil  and  gas  leases.  30  U.S  Q  221. 

'Lease  of  oil  and  gas  deposits  located 
in  rights-of  way.  30  U5.C.  301. 

'Oil  pipeline  rights-of-way:  leases  for 
oil  shale,  native  asphalt,  solid  and  semi- 
solid bitumen,  and  bituminous  rock.  30 
U.S.C.  241. 

Bureau  of  Mines  (eovironmental 
effects  of  oil  mining). 

Fisfa  and  Wildlife  Service  (effccls  on 
fish  and  wildlife  resources). 

Ccnlogical  Survey. 

*Oil  a/td  gas  lease  operations: 

Public  domiiio.  30  U.S.C  1S1.  et  seq. 
(30  CFR  221). 

Acquired  land  30  MS.C  351.  et  seq. 
(30  CFR  221). 

Outer  continental  shelf  lands.  43 
use  1331.  el  seq.  (30  CFR  25a  251). 
.  Indian  lands.  2S  U.S.C  396«.  et  aeq. 
(25  era  171. 172. 174. 183. 184). 

'Sale  and  purchase  of  govenunent  , 
royalty  oil  application.  30  U.S.C  188i 
'    192.  359:  43  U.S.C  1334  (30  CFR  Part 
225). 

Heritage  Conservation  and  Recreation 
Service  (eflecta  on  historical  or 
recrealiooa)  values). 

National  Park  Service. 

'Permits  and  leases  for  oil  and  gas.  16 
U.S.CCh.l. 

Dfpartmenf  of  Slate 

'Facilities  for  export/import  of 
petroleum  products,  coal,  minerals, 
water,  sewage  permits.  Executive  Order 
14423. 

Department  of  Transportation  (transport 
and  pipeline  safety/ 

Coast  Guard: 

'Tank  vessel  regulation.  46  U.S.C 
391a. 

'Ports  and  waterways  safety.  33 
U.S.C  1221. 

'Construction  and  alteration  of 
bridges  over  navigable  waters  (for 
pipeUces).  33  U.S.C  525;  33  U.S.C  494, 
496:  33  USC  513-14. 


*Outof  CDntinentiil  shelf  s.lruclurrs.  43" 
U3.C1331. 

Federal  Highway  Administration. 

'Relocation  and  accommoilation  of 
pipelines  on  highway  rights  of  way  23 
use  109(1).  116.  123  (23  CVK  P.irt  545). 

ResBiirch  and  Special  Programs 
Administration 

Materials  Transportation  Dureau 
(pipeline  safety). 

Environmental  Protection  Agency 
(pollution  control) 

Federal  Maritime  Commission 

Office  of  Environmental  Analysis 
(carrier  rates  or  iigrecments) 

Interstate  Commerce  Commission 
(regulation  of  carrier*) 

C.  Natural  Gas  Development, 
Production.  Transmission,  and  Use 

Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands). 

Department  of  Commorce 

National  Oceanic  and  AtnK>sp)>cric 
Admini.stration  (coastal  and  marine 
re<>uurccs — management  and 
protection). 

Maritime  Administration: 

'Liquid  natural  gas  vessels.  42  U.S.C 
1101.  et  seq. 

'Liquid  natural  gas  terminals.  46 
use  867(41  Stat.  992). 

Dt'parturont  of  Dtrfense 

Army  Corps  of  F4>ginf?cr»: 

'Rules  governing  work  ot  structures  In 
or  affecting  the  navigable  waters  of  the 
United  States.  33  U.S  C  403. 

'Permits  for  discharges  of  dredged  or 
nil  materials  into  navigable  waters.  33 
U.S  C.  1344. 

'Regulation  of  artlTicial  islands, 
installations,  and  devices  on  the  outer 
continental  shelf.  43  U.S.C  1333(3). 

Department  of  Energy 

Federal  Energy  Regulatory 
Commission. 

'Certificates  for  natural  gas  facilities 
(underground  storage  fields.  LNG 
facilities,  and  transmission  pipeline 
facilities):  sale,  exchange  arid 
transportation  of  gas:  abarulonment  of 
facilities;  and  curtailment  of  natural  gas 
service.  Natural  Gas  Act.  15  U.S.C  717- 
717w. 

Department  of  Housing  and  Urban 

Development 

Office  of  Community  Planning  and 
Development  (residential  and  other 
lands). 

Department  of  the  Interior 
Bureau  of  Indian  Affairs. 
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'Leases  for  mining,  oil  and  gas. 
farinmg  and  other  uses  on  federal  lands. 
25  U  S  C.  .193  et  seq  (25  CFR  171.  172). 

Dureau  of  luind  Maaugi-mc-nl  (public 
lands): 

"Application  for  patents  on 
phosphate,  nitrate,  oil  and  nsphallk: 
mineral  deposits  30  U.S.C.  121. 122. 123. 

•Oil  and  Casl.ra.vs.  30 U.S.C.  221. 

'Lease  of  oil  and  gas  deposits  located  j 
in  rights  of  way.  30  U.S.C  301. 

'leasing  of  oil  and  gas  deposits  on  the| 
outer  continental  shelf.  43  U.S.C  1331- 
1343. 

*Gas  pipeline  rights-of-way.  — 

use. . 

Bureau  of  Mines  (metbanir.  drainnge 
and  subsidence  problems.  Federal 
Helium  Program). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Survey: 

'Communiftzafion  of  federal  oil  and 
gas  leases.  30  U.S.C  181  etseq..  315  a/ 
seq. 

'Oil  and  gas  lease  operations: 

Public  domain.  30  liS.C  181.  et  seq. 
(30  CFR  221). 

Acquired  lands.  30  U.S.C  351  et  seq. 
(30  CFR  221). 

Outer  continental  shelf  land.  43  VSXl 
1331  el  seq.  (30  CVH  250.  251). 

Indian  lands  25  US  C  3900.  et  seq. 
(25  CFR  171.  172.  173.  174.  183.  184). 

Herit.ige  Conservation  and  Recreation 
Scr\ice  (effects  on  historical  and 
recreational  values). 

National  Park  Service. 

*  Permits  and  leases  for  oil  and  gas.  16 
use.  Ch.  1. 

Department  of  Transportation  ftranspod 
and  safety) 

Coast  Guard: 

'  Tank  vessel  regulation.  4d  U3.C 
391a. 

'  Navigation  and  waterfront  facility 
regulation.  33  U.S.C  1221. 1321:  50  U.S.C 
191. 

'  Construction  and  alteration  of 
bridges  over  navigable  waters  (for 
pipelines).  33  U.S.C  525;  33  US,C.  494- 
95:  33  use.  513-14. 

*  Outer  continental  shelf  structures.  43 
use.  1331. 

Federal  Highway  Administration. 

'  Relocation  and  accommodation  of 
pipelines  on  highway  rights-of-way.  23 
use.  109(1),  lie.  123  (23  CFR  Part  645). 

Federal  Railroad  Administration 
(railroad  transport). 

Research  and  Special  Programs 
Administration. 

Materials  Transportation  Bureau 
(pipeline  safety). 
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Environmental  Protection  Aj;ency 
(pollution  control) 

Interstate  Commerce  Commission 
(resulation  of  carriers) 

D.  Coal  and  Minerals  Development. 
Mining  Conversion.  Processing, 
Transport  and  Use 

Appalachian  Regional  Commission 
(Appalachian  region) 

Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands): 

*  Surface  use  of  public  domain  lands 
under  U.S.  mining  laws.  16  U.S.C.  476- 
555  (36  CFR  252). 

*  Mineral  development  on  acquired 
lands  for  solid  (hardrock)  minerals.  16 
U.S.C.  520  (36  CFR  252).  and  for 
phosphate,  oil,  gas.  oil  shale,  sodium, 
potassium  and  sulphur.  30  U.S.C.  352. 

*  Coal  leasing.  30  U.S.C.  201-352. 

*  Surface  coal  mining  operations.  30 
U.S.C.  1272. 

*  Geothermal  resource  developments. 
30  U.S.C.  1014. 

Rural  Electrification  Administration. 

*  Financial  assistance  for  purchase  of 
coal  mines  and  miring  facilities.  7  U.S.C. 
901  et  seq. 

Soil  Conservation  Service  (abandoned 
mined  land:  transportation). 

Department  of  Commerce  (technical  and 
economic  information) 

Department  of  Defense 

Army  Corps  of  Engineers: 

*  Rules  governing  work  or  structures 
on  or  affecting  navigable  waters  of  the 

I  United  States.  33  U.S.C.  403. 

;      *  Permits  for  discharges  of  dredged  or 

!  fill  materials  into  navigable  waters.  33 
U.S.C.  1344. 

'      *  Authority  to  enjoin  or  force  removal 
of  refuse  placed  in  or  on  the  banks  of  a 
navigable  water  or  tributary  of  a 

j  navigable  water.  33  U.S.C.  407.  ^ 

Deportment  of  Energy 

Federal  Energy  Regulatory 
I  Commission. 

J     -*  Approvals  for  plans  for  powerplants 
I  and  major  fuel-burning  facilities: 
j      Federal  Energy  Administration  Act  of 
1  1974, 15  U.S.C.  761-790h. 
'      Powerplant  and  Industrial  Fuel  Use 
Act  of  1978.  Pub.  L  95-620,  92  Stat.  3289. 

Department  of  Housing  and  Urban 
Development 

\     Office  of  Policy  development  and 
Research  (subsidence). 

Department  of  the  Interior 

'     Bureau  of  Indian  Affairs: 

*  Rights-of-way  over  Indian  lands.  25 
U.S.C.  311  et  seq.  (25  CFR  Part  161. 171, 
172. 177J. 


*  Leases  for  mining,  oil  iind  jjas. 
farming  ;jnd  other  uses  on  federal  lands. 
25  use.  302  et  srq.  (25  CFR  Part  131, 
171.  172.  177). 

Bureau  of  Land  Management  (public 
lands): 

*  Patents  on  coal  deposits.  30  U.S.C. 
81.82. 

*  Patents  on  lands  with  reservation  of 
coal.  30  U.S.C.  85. 

*  Leases  and  permits  for  coal  lands.  30 
U.S.C.  181. 

*  Permits  to  take  coal  for  domestic 
needs.  30  U.S.C.  208. 

*  Lease  of  mineral  deposits  in 
acquired  lands.  30  U.S.C.  352. 

*  Lease  of  partial  or  future  interests  in 
mineral  deposits.  30  U.S.C.  354. 

*  Leases  and  permits  for  phosphate, 
potassium,  and  sodium.  30  U.S.C.  181  et 
seq:  30  U.S.C.  351-359;  Reorganization 
Actof  July  16.  1946. 

*  Leases  and  permits  for  sulpher  in 
Louisiana  and  New  Mexico.  30  U.S.C. 
181  et  seq:  30  U.S.C.  351-359: 
Reclamation  Act  of  July  16,  1946. 

*  Determination  of  unpatented  mining 
claims.  30  U.S.C.  527. 

*  Mining  location  for  source  material 
30  U.S.C.  541. 

*  Conveyance  of  title  to  an  unpatented 
mining  claim.  30  U.S.C.  701-709. 

*  Leases,  permits  and  licenses  for 
mining  in  wild  and  scenic  rivers  system. 
16  U.S.C.  1280. 

Bureau  of  Mines  (mining  activities). 
Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 
Geological  Suney: 

*  Consolidation  of  coal  leases.  30 
U.S.C.  202a. 

*  Coal  lease  exploration.  30  U.S.C. 
201b. 

*  Exploration  and  mining  operations 
for  leaseable  minerals  other  than  coaL 
30  U.S.C.  211,  241,  261.  281.  (30  CFR  231). 

Heritage  Conservation  and  Recreation 
Service  (effects  on  historical  and 
recreational  values). 

National  Park  Service: 

*  Leases,  permits  and  licenses  for 
mining  subject  to  regulations  of 
Secretary  of  the  Interior  on  lands 
involved  in  Wild  and  Scenic  River 
Systems.  16  U.S.C.  1280. 

*  Access  permits  for  mining  activity 
within  the  National  Park  Svstem.  16 
U.S.C.  1902, 1908  (36  CFR  9). 

Office  of  Minerals  Policy  and 
Research  Analysis  (research). 

Office  of  Surface  Mining  Reclamation 
and  Enforcement: 

*  Permits  for  surface  coal  mining.  30 
U.S.C.  125&-12G2  (30  CFR  Ch.  VII). 

*  Permits  for  underground  coal  mining. 
30  U.S.C.  12f)C(b)  (30  CFR  Ch.  VII). 
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Di'partmvnt  of  Labor 

Mine  Safety  and  Health 
Administration  (worker  safety). 

Occupational  and  S.ifety  and  He.ilih 
Administration  (worker  safety  in  very 
limited  situations). 

Department  of  Transportation 

Federal  Highway  Administration  (coal 
haul  roads,  effects  of  railroad  coal 
transport  on  roads  and  streets). 

Federal  Railroad  Administration 
(railroad  transport). 

Environmental  Protection  Agency 
(pollution  control) 

Interstate  Commerce  Commission 
(regulation  of  carriers) 

Tennessee  Valley  Authority  (Tennessee 
Valley  region) 

in.  Land  Use 

A.  Land  Use  Changes,  Planning,  and 
Regulation  of  Land  Development 

Department  of  Agriculture 

Agricultural  Stabilization  and 
Conservation  Service  (agricultural  land 
use  programs). 

Forest  Service  (National  Forest  and 
Grasslands): 

*  Special  use  permits,  archaeological 
permits,  leases  and  easements.  16  U.S.C. 
497;  16  U.S.C.  580d;  48  U.S.C.  341  (36 
CFR  251).  section  261. 

*  Mineral  exploitation  of  acquired 
lands.  16  U.S.C.  520  (36  CFR  252). 

^    *  Easement  and  road  rights-of-way  in 
National  Forests  and  other  lands.  16 
U.S.C.  533  (36  CFR  212.10). 

*  Grazing  permits.  16  U.S.C.  580  (K) 
and  (L)  (36  CFR  227.1). 

*  Geothermal  resource  developments. 
30  U.S.C.  1014. 

*  Multiple-use  sustained-yield  units. 
16  U.S.C.  528  (36  CFR  223). 

*  Surface  use  on  public  domain  lands 
under  U.S.  mining  laws.  16  U.S.C.  478- 
551  (36  CFR  252). 

*  Minerals  development  on  acquired 
lands: 

Solid  (hardrock)  minerals.  16  U.S.C. 
520. 

Phosphate  oil,  gas.  oil  shale,  sodium, 
potassium  and  sulphur.  30  U.S.C.  352. 

*  Coal  leasing.  30  U.S.C.  201-352. 

*  Surface  coal  mining  operations.  30 
U.S.C.  1272. 

*  Bankhead-Joncs  Farm  Tenant  Act. 
Title  III — Administration  of  national 
grasslands.  7  U.S.C.  1010-1012  (36  CFR 
213.3). 

*  Claim  of  privately  owned  horses  and 
burros.  (36  CFR  222). 

Economics,  Statistics  and 
Cooperatives  Service  (data;  natural 
resources). 

Science  and  Education  Administration 
(rural  and  community  development). 


Federal  Rcsisfcr  /  Vol.  44.  No.  204  /  Fricl.iy.  OcloLor  19.  1979  /  N'olices 


603G1 


Stiil  G>n<»(>rvuttun  Service  (walershud 
protection^. 

pepartmcnt  of  Defense 

Army  Corps  of  Engineers  (flood 
plains)^ 

Department  of  the  Air  Force  (larid  use 
around  airfields), 

peparljvent  of  Hotising  and  Urban 
peyehpment 

Office  of  Interstate  Land  Sales  (land 
sales). 

Office  of  CofTununily  Plunninjj  and 
Development  (community  development; 
planning  activities). 

'  Subdivided  land  sales,  registration. 
Interstate  Land  Sales  Full  Disclosure 
Act.  15  U.S.C.  1701. 

Department  of  the  Interior 

Bureau  of  Indian  Affairs: 

*  Sale  by  Secretary  of  the  Interior  of 
land  purchased  for  Indian 
administrative  uses.  25  U  S  C.  293. 

*  Rights-of-way  over  Indian  lands.  25 
U.S.C.  311-.n28  (25  CFR  161). 

*  Irrigation  lands.  25  U.S.C.  381  (25 
CFR  191.  203). 

*  Leasing  for  mining,  oil  and  gas, 
farming  and  other  uses  on  frdt-ral  lands. 
25  use.  393  etspq.  (25  CJ-R  171.  172). 

*  Ci-azing  permits  (25  CFR  151: 141). 
Bureau  of  Land  Management  (public 

lands): 

*  Disposition  of  lands  in  Indian 
reservations.  30  U.S  C.  86.  87.  88. 

*  Limitations  on  entry  upon  salme 
lands.  30  U.S.C.  162. 

*  Securing  rights-of-way  for  pipeline 
purposes.  30  U.S.C.  185(a). 

*  Use  of  surface  of  public  lands 
withdrawn  or  reserved  for  power 
development  or  power  sites  for  placer 
mining.  30  U.S.C.  621. 

*  Management  of  outer  continental 
shelf  for  mineral  leasing.  43  U.SC.  1331- 
1343. 

'  Federal  Land  Policj'  and 
Management  Act.  43  U.S.C.  1701  el  seq. 

*  Crazing  permits.  Taylor  Crazing  Act. 
43  U.S.C  315,  31 5a-f. 

*  The  Act  of  August  28.  1937.  43  U.S.C. 
1181  d. 

*  Mineral  leases  and  permits  under 
the  Mineral  Leasing  Act  of  1920,  as 
amended.  30  U.S.C.  181  et  seq. 

*  The  Acquired  Lands  Mineral 
Leasing  Act  of  1947.  as  amended.  30 
U.S-C  315-359. 

*  Permits  for  underground  coal  mining. 
30  U.S.C.  12r,G(b). 

•  *  Leasing  lands  to  government  or  non- 
profit groups.  43  U.S.C.  809. 

*  L*:ase  of  public  l.inds  for  airports.  49 
U.S.C  211-214  (43  CFR  2G40). 

*  Special  land  use  ptrmils.  Federal 
Land  Policy  and  Manai^irtnenl  Act  of 
1978  (43  CFR  Part  2920), 


'  Disposal  and  use  of  .sand,  stone  and 
gravel.  30  U.S.C.  001.  002. 

Bureau  of  Mines  (minerals). 

Bureau  of  Rirclamation  (public  works). 

Fish  and  Wildlife  Service  (effect.i  on 
fish  and  wildlife  resources). 

*  National  Wildlife  Refuge  use 
permits.  16  U.S.C.  GG0Jd-GG8ee  (50  CFR 
24.41). 

Geological  Survey  (land  use. 
geographic  hazards,  topographic,  and 
photographic  mapping). 

Heritage  Conservation  and  Recreation 
Service  (conservation,  national  trails). 

National  Park  Service  (National 
Parks): 

*  Leases,  permits  and  licenses  for 
mining  subject  to  regulations  of 
Secretary  of  the  Inti:rior  on  lands 
involved  in  Wild  and  Scenic  River 
System.  16  use  1200. 

*  Access  permits  for  mining  activity 
within  the  National  Park  System.  16 
US  C.  TJOZ,  1908  (30  CFTl  9). 

*  Special  use  permits,  urchcological 
permits,  grazing  permits,  leases  and 
easements,  right.s-of-way.  16  U.S.C.  Ch. 
1. 

Office  of  Surface  Mining  Reclamation 
and  Enforcement  (surface  mining). 

Federal  Maritime  Commission 

Office  of  Environmental  .Analysis 
(carrier  rates  and  agreements). 

Department  of  Transportation 

Coast  Guard: 

*  Permits  for  causeways.  33  U.S.C. 
401. 

'  Bridges  over  navigable  waters — 33 
U.S.C.  401.  491.  525. 

*  Approval  of  plans  to  alter  a  bridge. 
33  use.  514. 

Federal  Aviation  Adminislratioa 
(airports,  land  acquisitioa  release  of 
airport  property  from  surplus  property 
disposal  restrictions,  construction  or 
alternation  of  objects  affecting 
navigable  airspace,  land  use 
compatability). 

Federal  Highway  Administration: 

*  Approval  of  highway  projects  and 
programs.  23  U.S.C.  101-15B.  generally, 
and  23  U.S.C.  204.  208-210.  212-219. 

*  Regulation  of  highway-reLiled  land 
use. 

Highway  beautification.  23  U.S.C  131 
(23  CFR  Part  750) 

);jnkyard  control  and  iicqiisition.  23 
U  S.C  13a,  213  (23  CF!<  Part  751). 

Landscapcs  «nJ  rcidinJfS 
devclopmeitl.  2J  U.S.C.  131.  315.  319  (23 
CFR  Pari  752J. 
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Envirnnnivnta!  Prvfnvtion  Agiitcy 
(pollution  cffcrtsf 

Notional  A  erunautics  and  Space 
AdniinisUvtiun  (advanced  trchnuto}^^ 
fur  rrniote  sensiiia  of  land  use  and  land 
cover) 

National  Capitol  Planning  C^immisaion 

'  Approval  of  l.md-usc  plans  and 
construction  in  National  Capitol  D.C 
Code  5-428;  40  U.S.C  74a(l)C  Code  9- 
304;  DC.  Code  8-104;  Pub.  L.  90-553. 
Section  4;  40  U.S.C.  122  (D.C.  Code  8- 
115). 

IValer  Resources  Council 

River  Basin  Commissions  {as 
geographically  appropriate) 

B.  Public  Lend  Manogcnicnt 

Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands  management): 
■  *  Special  use  permits,  archaeological 
permits,  leases  and  casements.  16  U.S.C 
497, 16  U.S  C.  SUOd.  48  U.S  C  341  (38 
CFR  251):  see  also  «.'Ction  201. 

*  Geothermal  resource  developments. 
30  U.S  C.  1014. 

*  Surface  coal  mining  operations.  30 
U.S.C  1272. 

*  Coal  leasing.  30  U.SC.  201-352. 

*  Mining  development  on  acquired 
lands. 

Solid  fhardrock)  minerals.  10  U.S.C. 
520  (36  CFR  252. 

Phosphate,  oil.  gas,  oil  shale,  sodium, 
potassium  and  si:lphur.  30  U.S.C  3.52. 

*  Easement  and  road  rights-of-way  ia 
National  Forests  and  other  lands.  16 
use  533  (36  CFR  212.10). 

*  Grazing  permits.  16  U.S.C.  580  (K) 
and  (L)  (36  CFT?  227.1). 

*  Multiple  use  sustained-yield  units. 
16  use  528  (36  CFR  223). 

*  Bankhead-Jones  Farm  Tenant  Act. 
Title  III — Administration  of  National 
Grasslands.  7  U.SC  1010-12  (36  CFR 
213J). 

*  Claim  of  privately  owned  horses  aod 
burros.  36  CFR  222. 

Depariiitent  of  Defense  (Lands  Under 
Department  Control) 

Army  Corps  of  Elnginccrs  (project 
recreation  lands). 
Department  of  the  Air  Force  (land  use 

around  airfields). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs: 

'  Sale  by  Secretary  of  the  Interior  of 
land  purchased  for  Indian 
administrative  uses.  25  U.S.C.  293. 

*  Leases,  permits  and  easomenis  on 
public  land  under  Ihe  jurisdiction  of 
BIA.  43  use.  931c,  931d  (43  CVIH  Part  9). 

*  Irrigation  lands.  25  U.S.C  381  (25 
ere  203.4). 
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*  Cr.t7.ing  permits.  25  CE'R  151. 
Durciiu  of  Land  .M.m.iytmrnt: 

*  Pl.icer  mining  cl.iims  on  hinds 
wilhdrdvvn  or  reserved  for  power 
development  of  oucr  sites.  30  U.SC. 
621.. 

*  Federal  Land  Policy  and 
Management  Act.  433.U.S.C.  1701.  et 
seq. 

*  Crazing  permits.  Taylor  Crazing  Act. 
43U.SC.  315.  315a-315r. 

*  Act  of  August  28.  1937.  43  U.S.C. 
1181  d. 

*  Antiquities  permits. U.S.C. 


*  Special  Recreation  permits. 

use 

*  Mineral  leasing  on  the  Outer 
Continental  Shelf.  43  U.S.C.  1331-1343. 

*  Leases,  permits  and  licenses  for 
mining  in  Wild  and  Scenic  Rivers  Areas. 
16  use.  1280. 

*  Leasing  lands  to  government  or  non- 
profit groups.  43  U.S.C.  869. 

*  Lease  of  public  lands  for  airports.  49 
U.S.C.  211-214  (43  CFR  2640). 

*  Rights-of-vk'ay  (various  purposes 
(e.g.,  roads,  railroads  power  lines, 
irrigation,  pipelines,  mineral  leasing) 
and  authorities).  See  43  CFR  Prfrts  2800, 
2811,  2820.  2840.  2850.  2870.  2880.  2890. 

*  Special  land  use  permits.  Federal 
Land  Policy  and  Management  Act  of 
1976  (43  CFR  Part  2920). 

*  Disposal  and  use  of  sand,  stone  and 
gravel.  30  U.SC.  601.602. 

Bureau  of  Mines  (mineral  land 
assessment). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Survey: 

*  Outer  Continental  Shelf.  43  U.S.C. 
1331-1343. 

*  Onshore  oil.  gas.  mining.  30  U.S.C 
181  e/  seq. 

*  Onshore  oil,  gas.  mining  on  Indian 
lands.  25  U.S.C.  396.  396a-298.  35  Stat. 
B12. 

*  Geothermal.  30  US  C.  1023. 
Heritage  Conservation  and  Recreation 

Service  (conservation,  fund  state 
programs). 
National  Park  Service  (public  lands): 

*  Leases,  permits  and  licenses  for 
mining  subject  to  regulations  of 
Secretary  of  the  Interior  on  lands 
involved  in  Wild  and  Scenic  River 
System.  16  U.S.C.  1280. 

*  Access  permits  for  mining  activity 
within  the  National  Park  System.  16 
U.S.C.  1902.  1908  (30  CFR  9). 

*  Special  use  permits,  archeological 
permits,  grazing  permits,  leases  and 
easements,  rights-of-way.  16  U.S.C.  Ch. 
1. 

Office  of  Surface  Mining  Reclamation 
and  Enforcement: 

*  Permits  for  surf.icc  coal  mining.  30 
U.S.C.  1256-1262. 


*  Permits  for  underground  coal  mining. 
.10  U.S.C.  12()r.(b). 

Department  of  Transportation 

*  Transportation  programs  with 
measures  to  protect  land  traversed 
(particularly  parks,  recreation  areas  and 
historic  sites).  Department  of 
Transportation  Act  as  amended.  49 
U.S.C.  1651-1G59. 

Federal  Highway  Administration 
(construction  and  man.Tgement  of 
National  Park  Service  roads  and  forest 
highways): 

*  Approval  of  projects  for  Indian 
reservation  roads  and  bridges.  23  U.S.C. 
208. 

*  Construction  of  public  lands 
highways.  23  U.S.C.  209. 

*  Approval  of  projects  for  public  lands 
development  roads  and  trails.  23  U.S.C. 
214. 

Genera/ Senices  Administration  (public 
buildings  management) 

Federal  Property  Resources  Service 
(excess  land  disposal). 

National  Aeronautics  and  Space 
Administration  (advanced  technology 
remote  sensing  of  land  use  and  land 
co\er) 

Tennessee  Valley  Authority  (project 
lands) 

C.  Land  Use  in  Coastal  Areas 

Department  of  Agriculture 

Forest  Service  {.Vaiional  Forest  and 
Grasslands). 

Soil  Conservation  Service  (soil 
stability,  hydrology). 

Department  of  Commerce. 

Maritime  Administration  (ports). 

National  Oceanic  and  Atomospheric 
Administration  (coastal  and  marine 
resources  and  protection): 

*  Permits  for  activities  in  designated 
marine  sanctuaries.  16  U.S.C.  143  et  seq. 
(15  CFR  922). 

*  Approval  and  funding  of  state 
coastal  management  programs.  16  U.S.C. 
1451  et  seq.  (15  CFR  923.  930). 

*  Protection  of  endangered  species 
and  critical  habitats.  16  U.S.C.  1531  et 
seq.  (50  CFR  222). 

*  Establishment  of  estuarine 
santuaries.  16  U.SC.  1461  (15  CFR  921). 

Department  of  Defense 

Army  Corps  of  Er.gincers  (beaches, 
dredge  and  fill  pcrints.  Refuse  .Act 
permits): 

*  Rules  governing  work  or  structures 
in  or  afft.Tting  nuvij;.ible  wiiters  of  the 
United  Stales  33  U.S.C.  401,  -103  and  419. 

*  Authority  to  enjoin  or  force  removal 
of  refuse  pl.ici:d  in  ur  on  the  banks  of  a 
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navig  ible  w.iter  or  trilmlary  of  a 
navig.iblc  water  33  US  C.  407. 

*  River  and  h.irbor  improvement 
projects.  33  U.S.C  541. 

*  Permits  for  private  projects  to 
Improve  navigable  waters.  33  U.S.C.  565. 

*  Permits  for  discharges  of  dredged  or 
fill  materials  into  navigable  waters.  33 
use.  1344. 

*  Permits  for  transportation  of 
dredged  materials  for  dumping  into 
ocean  waters.  33  U.S.C.  1413. 

Department  of  Housing  and  Urban 
Development  (development  in  coastal 
areas) 

Department  of  the  Interior 

Bureau  or  Indian  Affairs  (Indian 
lands). 

Bureau  or  Land  Management  (public 
lands): 

*  Cooperation  with  states  in 
developing  coastal  zone  plans.  8G  Stat. 
1280. 

'Limitations  on  entry  upon  saline 
lands.  30  U.S.C.  162. 

'Mineral  leasing  on  the  outer 
continental  shelf.  43  U.S.C.  1331-1343. 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Survey  (estuarine  areas): 

*  Permits  for  geological  and 
geophysical  exploration  on  outer 
continental  shelf.  43  U.S.C.  1340  (30  CFR 
251). 

*  Permits  for  exploration  and 
development  activities  on  federal  oil 
and  gas  leases  on  the  outer  continental 
shelf.  43  U.S.C.  1331  et  seq.  (30  CFR  250). 

Heritage  Conservation  and  Recreation 
Service  (historical  and  recreational 
values). 

National  Park  Service  (barrier  island 
ecology  and  coastal  processes). 

Department  of  Transportation 

Coast  Guard  (bridges,  navigation  and 
deepwater  ports): 

*  Bridges  over  navigable  waters — 
permits  33  U.S.C.  525. 

*  Approval  of  plans  to  alter  a  bridge. 
33  U.S.C.  514. 

*  Permits  for  causeways,  33  U.S.C. 
401. 

*  Waterfront  facilities.  33  U.S.C.  1221. 
1321. 

•    *  Deepwater  port  regulation.  33  U.S.C. 
1503-1524. 

*  Vessel  operating  requirements. 

U.S.C. . 

*  Licensing  of  persons  to  engage  in  the 
ownership,  construction  or  operation  of 
a  deepwater  port.  33  U.S.C.  1503-1520. 

Environmental  Protection  Agency 
(pollution  effects): 

*  Permits  for  ocean  discharges.  33 
U.S.C.  1343. 

'  Permits  for  disposals  nf  sewage 
sludge.  33  U.S  C,  1345, 
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*  0»I  spills  j)rcvrpfion.  conf.iinment 
and  counliTmriisijiT  pliins  (prrpiirrd  by 
fiicility  owncr/fiperalor).  Sorfions  3111. 
501.  33  U.S  C  l3::i.  1361  (40  CFR  112.7). 

Federal  Maritime  Commission.  Office 
of  Environmental  Analysis  {terminal 
agrcemcnis). 

National  Aeronautics  and  Space 
Administration  (advanced  technology 
for  remote  sensing  of  land  use  and  land 
cover). 

D.  Protection  of  Environmentally 
Critical  A  reas — 

Floodplains.  Wetlands.  Beaches  and 
Dunes.  Unstable  Soils.  Steep  Slopes. 
Aquifer  Recharge  Areas.  TundrH.  Etc. 

Department  of  Agriculture 

*  Watershed  Protection  and  Flood 
Prevention  Act.  16  U.S.C.  1001-1CX)9  (7 
CFRParlslS.  23.  600). 

Agricultural  Stabilization  and 
Conservation  Service  (commodity  and 
land  use  programs:  Water  Bank). 

Forest  Service  (National  Forest  lands). 

Science  and  Education  Administration 
(soil  and  water  conservation  program). 

Soil  Conservation  Service  (v^atershed 
protection  and  flood  control:  soil  and 
water  conservation). 

Deportment  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (coastal  and  marine 
resources,  management  and  protection): 

*  Protection  of  endangered  species 
and  critical  habitats.  16  U.S.C  1531.  et 
seq.  (50  CFR  222) 

*  Permits  for  activities  in  designated 
marine  sanctuaries.  16  U.S.C  1431.  et 
seq.  (15  CFR  922). 

*  Establishment  of  estuarine 
sanctuaries.  16  U.S.C.  1461  (15  CFR  921). 

*  Approval  and  funding  of  slate 
coastal  management  programs.  16  U.S.C 
1451  et  seq.  (15  CFR  923;  930). 

Department  of  Defense 

Army  Corps  of  Engineers: 

*  Permits  for  discharge  of  dredged  or 
fill  materials  into  navigable  waters.  33 
U.S.C  1344. 

*  Rules  goverrung  work  or  structures 
in  or  affecting  navigable  waters  of  the 
United  States.  33  U.S.C  401.  403,  419. 

Department  o^  Health.  Education,  and 
Welfare 

Public  Health  Service. 
Center  for  Disease  Control  (health 
issues). 

Department  of  Housing  and  Urban 
Development 

Office  of  Community  PInnning  and 
Development  (urban  and  flooJpiaIn 
areas). 


Drpartmrnt  of  the  Interior 

Bureau  of  Indian  Affairs  [Indian 
lands). 

Bureau  of  l.and  Managment 

*  Limitations  on  entry  upon  saline 
lands.  30  U.S  C  182.  ; 

*  Management  of  areas  of  critical 
environmental  concern.  43  U.S.C  1701. 

Bureau  of  Reclamation  (public  works). 

Fish  and  Wildlife  Service  (protection 
offish  and  wildlife  resource  values). 

Geological  Survey  (topography, 
geology,  hydrology). 

Heritage  Conservation  and  R(?crcation 
Service  (historical  and  recreational 
values). 

National  Park  Service  (National  Park 
lands). 

Office  of  Surface  Mining  Reclamation 
and  Enforcement  (designation  of  areas 
unsuitable  for  surface  coal  mining). 

Office  of  Water  Research  and 
Technology  (water  resource  planning). 

Department  of  Transportation 

Coast  Guard. 

*  Establishment  of  port  access  routes. 
33  use  1221. 

Federal  Highway  Ad/ninisfration: 

*  Approval  of  federal-aid  highway 
projects.  23  U.SC.  101-156.  generally. 

*  Approval  of  highway  bridge 
replacement  and  rehabilitation.  23 
U.S.C  144  (23  ere  Part  650). 

Environmental  Protection  Agency 
(pollution  effects) 

'  Temporary  underground  injection 
permits.  Safe  Drinking  Water  Act.  42 
U.S.C  300h(C)(l). 

Water  Resources  Council  (coordination 
of  floodplain  and  wetland  initiatives) 

River  Basin  Commissions  (as 
geographically  appropriate). 

E.  Community  Development 

Advisory  Coancil  on  Historic 
Preservation  {historic presenation] 

Department  of  Agriculture 

Science  and  Education  Administration 
(rural  and  community  development 
program). 

Soil  Conservation  Service  (soil 
survery). 

Department  of  Commerce 

Economic  Development 
Administration  (designated  areas). 

Dcoartment  of  Health,  Education,  and 
Welfare 

Public  Health  Service. 

Center  for  Disease  Control  (health). 

Office  of  I  luman  Development 
Services  (problems  of  handicapped, 
aged,  children  and  Native  Americans). 


Drpartmrnt  ofHou)iin^  and  Urhtut 
Development 

Office  of  Community  Planning  and 
Development  (community  devolopint.*nt: 
effects  on  low  income  populations: 
economic  rcvitalization  in  distressed 
areas:  density  and  a)ngestion 
mitigation:  rehabilitation  and  urban 
homesleading). 

Dupartment  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
Lands).. 

Geological  Survey  (flood.  s<^ismic.  and 
geologic  hazards). 

Heritage  Conservation  and  Recreation 
Service  (landmarks,  archcolngical 
remains,  outdoor  recreation,  historic 
preservation). 

Department  of  Tmnsportation 

Federal  Aviation  Administration 
(airports). 
Federal  Highway  Administration: 

*  Relocation  assistance  in  connection 
with  highway  projects.  42  U.S.C  4001  el 
seq.  (23  CFR  Part  740.  4y  CFR  Part  25). 

*  Approval  of  economic  growth  center 
development  highways.  23  U.S.C  143. 

Urban  Mass  Transportation 
Administration. 

*  Urban  Mass  Transportation  Act.  49 
U.S.C  IGIO. 

Environmental  Protection  Agency 
(pollution  control) 

General  Services  Administration 
(building  design  and  construction) 

Notional  Capitol  Planning  Commission 
(Washington,  D.C.  area) 

*  Approval  of  Land  use  plans  and 
construction  in  the  National  CapitoL 
D.C.  Code  5-^28,  40  U.S.C  74a  (DC 
Code 9-304):  DC  Code  8-104:  Pub.  L 
90-553.  section  4:  40  U.S.C  122  (D.C 
Code  8-115). 

National  Endowment  for  the  Arts 
(artistic  values) 

F.  Historic,  Architectural,  and 
Archeological  Preservation 

Advisory  Council  on  Historic 
Preservation  (historic preservation) 

Department  of  Agriculture 

Forest  Service  (National  Forest  and 
Grasslands). 

Deportment  of  Housing  and  Urban 
Development  (in  urban  areas) 

Department  of  the  Interior 

*  Permits  to  examine  ruins, 
excavations  and  gathering  of  objects  on 
land  under  jurisdiction  of  Inferior. 
Agriculture  and  Army.  16.  U.S.C.  432. 

Bureau  of  Indian  Affairs  (Indian 
lands). 
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*  Preservation  of  antiquities.  16  U.S.C. 
432(25CFR  132). 

Bureau  of  Lind  Management  (public 
lands). 

*  Antiquities  .search  and  collection 
permit.  Antiquities  Act.  16  U.S.C.  432  (43 
CFR3). 

Heritage  Conservation  and  Recreation 
Service  (historic  and  cultural 
landmarks): 

*  Antiquities  Act  of  1906. 16  U.S.C. 
431-433  (43  CFR  3).  National  Historic 
Preservation  Act  of  1906. 16  U.S.C.  470  et 
$eg. 

*  Archaeological  and  Historic 
Preserxation  Act.  16  U.S.C.  4G9. 

National  Park  Service  (National  Park 
lands). 

Department  of  Transportation 

*  Approval  of  transportation  programs 
or  projects  that  require  the  use  of  an 
historic  site.  42  U.S.C.  1653(f). 

Federal  Highviay  Administration. 

*  Approval  of  transportation  programs 
or  projects  that  require  the  use  of  an 
historic  site.  42  U.S.C.  138. 

*  Archeological  and  paleontological 
salvage  on  federal  and  federal-aid 
highway  projects.  23  U.S.C.  305  (23  CFR 
Part  765). 

General  Ser\ices  Administration 

(Public  Buildings  Ser\'ice  (in  urban 
■teas). 

National  Capitol  Planning  Commission 

*  Approval  of  land  use  plans  and 
construction  in  National  Capitol.  D.C. 
Code  5-428;  40  U.S.C.  74a  (DC.  Code  9- 
304);  D.C.  Code  8-104;  Pub.  L.  90-553. 
section  3;  40  U.S.C.  122  (D.C.  Code  8- 
115). 

National  Endowment  for  the  Arts 
\  C.  Outdoor  Recreation 

\ 

{Department  of  Agriculture 

Forest  Service  (National  Forest  land). 
Soil  Conser\'ation  Service  (watershed 
protectionj. 

iDepartment  of  Defense 

Army  Corps  of  Engineers  (recreation 
{areas  on  DOD  lands). 

Department  of  Health,  Education,  and 
Welfare 

Public  Health  Service. 

Center  for  Disease  Control  (Health). 

Department  of  Housing  and  Urban 
Development  (urban  areas) 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
ands). 

Bureau  of  Land  Management  (public 
ands). 


Fish  ijnd  WiMIife  Service  (effects  on 
fish  and  wildlife  resources). 

Herit.igc  Conservation  and  Recreation 
Service. 

*  LHnd  and  VVator  Conservation  Act. 
16  use.  4(K)(L]4-(L)11-(I.)22. 

National  Park  Service  (National  park 
lands). 

Department  of  Transportation 

Coast  Guard. 

*  Recreational  boating  regulation.  46 
U.S.C.  1451. 

Federal  Highway  Administration: 

*  Preservation  of  purklands.  23  U.S.C. 
13& 

*  Access  highways  to  public 
recreation  areas  on  lakes.  23  U.S.C.  155. 

Environmental  Protection  Agency 
(pollution  control) 

Water  Resources  Council  (water  and 
related  land  resources) 

River  Basin  Commission  (as 
geographically  appropriate) 

IV.  Natural  Resource  Management 

A.  Weather  Modification 
Department  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands). 

Soil  Conservation  Service  (snow 
survey). 

World  Food  and  Agricultural  Outlook 
and  Situation  Board  (data  relating  to 
commodities). 

Department  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (research  and 
development;  reports  on  private 
activities). 

Department  of  Defense 

Department  of  the  Air  Force  (fog 
dissipation). 

Department  of  the  Interior ' 

Bureau  of  Reclamation  (water    . 
resources  research). 
National  Park  Service  (public  lands). 

B.  Waterway  Regulation  and  Stream 
Modification 

Department  of  Agriculture 

Agricultural  Stabilization  and 
Conservation  Service  (resource 
conservation;  Water  Bunk). 

Forest  Service  (National  Forests  and 
Grasslands). 

Science  and  Education  Administration 
(soil  and  water  conservation). 

Soil  Conservation  Service  (watershed 
protection). 

Department  of  Commerce 

Maritime  Administration  (merchant 
vessels,  barg<?s  and  inland  vessels). 
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Deparlmnnt  of  Defense 

Army  Corps  of  Engineers: 

*  Rules  governing  work  or  structures 
in  or  affecting  navigable  waters  of  the 
United  States.  33  U.S.C.  401.  403.  and 
419. 

*  Permits  for  discharges  of  dredged  or 
nil  materials  into  navigable  waters.  33 
U.S.C.  1344. 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Management  (Public 
lands). 

Bureau  of  Reclamation  (public  works). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Survey  (hydrology). 

National  Park  Service  (National 
Parks). 

Department  of  Transportation 

Coast  Guard  (vessels,  bridge,  port, 
and  waterway  safety;  navigation  aids): 

*  Deepwatcr  port  regulation.  33  U.S.C. 
150J-1524. 

*  Tank  vessel  regulation.  46  U.S.C. 
391a. 

*  Ports  and  waterways  safety,  33 
U.S.C.  1221. 

*  Construction  and  alterations  on 
bridges  and  causeways  over  navigable 
waters.  33  U.S.C.  401,  491.  525;  33  U.S.C 
494-95:  33  U.S.C.  513-14). 

Federal  Highway  Administration: 

*  Approval  of  federal-aid  highway 
and  bridge  projects  involving  navigable 
waters  and  channel  changes.  23  U.S.C. 
144  (23  CFR  Part  650) 

*  Approval  of  toll  bridge  and  ferry 
projects.  23  U.S.C.  129. 

Environmental  Protection  Agency 
(pollution  control) 

Federal  Maritime  Commission 

Office  of  Environmental  Analysis 
(approval  of  terminal  agreements). 

Water  Resources  Council 

*  Water  Resources  Planning  Act.  42 
U.S.C.  1962  (18  CFR  701-706;  33  CFR 
252). 

River  Basin  Commissions  (as 
geographically  appropriate). 

C.  Soil  and  Plant  Conservation  and 
Hydrology 

Department  of  Agriculture 

Agricultural  Stabilization  and 
Education  Service  (soil  conservation). 

Farmers  Home  Administration  (soil 
erosiop). 

Forest  Service  (National  Forest  lands). 

Science  and  Education  Administration 
(water  and  soil  conservation). 

Soil  Conservation  Service  (soil  and 
watershed  conservation). 
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*  Crazing  Trrmits.  10  U.S.C.  5S0  (K) 
and  (L)|3GCFR  227.1). 

*  Multiple  use  siistaincd-yicld  unita. 
16  U.S.C.  528  (36  CFR  223). 

*  Bankhead-Joncs  Farm  Tenant  Act 
Title  in — Administration  of  National 
Grasslands.  7  U.S.C.  1010-1012  (36  CFR 
213.3). 

Department  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (coastal  and  marine 
resources-management  and  protection). 

Department  of  Defense 

Army  Corps  of  Engineers  (dredging 
aquatic  plants). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands): 

*  Irrigation  lands.  25  U.S.C.  381  (25 
CFR  203.4). 

*  Timber  cutting  permits.  25  CFR 
141.19. 

*  Crazing  permits.  25  CFR  151. 
Bureau  of  Land  Management  (public 

lands). 

*  Timber  permits  for  free  use.  30 
U.S.C.  601  et  seq..  189;  43  US  C.  315. 
1201;  48  use  423  (43  CFR  Part  5C10). 

Bureau  of  .Mines  (hydraulic  effects  of 
mining). 

Bureau  of  Reclamation  (public  works). 

Fish  and  Wildife  Service  (effects  on 
fish  and  wildlife  resources). 

*  Endangered  plants — permit.  50  CFR 
17.62. 

Geological  Suney  (geology). 
National  Park  Service  (National  park 
lands). 

*  Special  use  permits,  grazing  permits, 
permits  to  collect  soil,  rock,  water,  and 
plant  specimens.  16  U.S.C.  Ch.  1,  3. 

Department  of  Transportation 

Federal  Highway  Administration 
(erosion  control  in  highway  projects). 

Environmental  Protection  Agency 
(pollution  control) 

National  Aeronautics  and  Space 
Administration  (advanced  technology 
for  remote  sensing  of  land  covers) 

Water  Resources  Council  (floodplain 
and  wetland  initiatives) 

River  Basin  Con^.missions  (as 
geographically  appropriate). 

D.  Fish  and  Wildlife 

Department  of  Agriculture 

Animal  and  Plant  Hralth  Inspection 
Service  (importation  of  wildlife  and 
hirds;  endangered  species  enforcement). 

Forest  Service  (.National  Forests  and 
Grasslands).' 

"Claim  of  privately  owned  horses  and 
burros.  36  CFR  222. 


Soil  Conservation  Service  (habitat, 
fish  ponds,  nquaculture). 

Department  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (coastal  and  marine 
resources  manngcment  and  protection): 

'Permit  for  importing  marine 
mammals  or  products  thereof.  16  U.S.C 
1371.  73.  74  (50  CFR  216). 

'Scientific  research  and  public 
display  of  marine  mammals.  50  CFR  618; 
50  CFR  216.31.  220. 

'Control  of  fishing  by  foreign  and 
domestic  vessels.  16  U.S.C.  1801.  et  seq. 
(50  CFR  Ch.  VI). 

'Fish  and  Wildlife  Coordination  Act 
16U.S.C.  1361.  e/se7. 

'Permits  for  activities  in  designated 
marine  sanctuaries.  16  U.S.C.  1431.  et 
seq.  (15  CFR  922). 

'Approval  and  funding  of  state 
coastal  management  programs.  16  U.S.C. 
1451.  et  seq.  (15  CHI  923;  930). 

'Protection  of  endangered  species  and 
critical  habitats.  16  U.S.C.  1531.  et  seq. 
(50  CFR  222). 

'Protection  of  marine  mammals.  16 
U.S.C.  1361.  et  spq.  (.SO  CFR  216). 

'Establishment  of  estuarian 
sanctuaries.  16  U.S.C.  1461  (15  CFR  921). 

'Trustee  of  natural  resources.  43 
U.S.C.  1813  (E.0. 12123). 

'Scientific,  propagation  or  sur\  ival  of 
marine  reptile — permits.  50  CFR  227.72. 

National  Marine  Fisheries  Service 
(endangered  species). 

Department  of  Defense 

Department  of  the  Air  Force  (bird- 
aircraft  strike  hazard  reduction). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (off- 
reserxatiun  treaty  fishing). 

Bureau  of  Land  Management  (wild 
horses  and  burros;  public  lands). 

Fish  and  Wildlife  Ser\ice  [endangered 
species;  effects  on  fish  and  wildlife): 

'Bald  and  golden  eagle  protection — 
permits  (takings  for  scientific, 
agricultural,  other  uses).  16  U.S.C.  66^- 
668d. 

'Permits  for  endangered  species 
e.xport  and  import.  16  U.S.C.  1538(d). 

'Permits  for  scientific  research 
involving  endangered  species.  16  U.S.C 
1539. 

'Mitigation/compensation  for  harm  to 
endangered  or  thn.itened  species  or 
critical  habitat.  16  U.S.C.  iwg. 

'Permits  for  taxidermy  on  migratory 
birds,  nests,  or  e^gs  for  commercial 
uses  10  U.S.C.  704. 

'Fish  and  Wildlife  Coordination  Act 
16  U.S.C.  Gfil  ct  seq.  (13  CFR  Part  17). 

'Ana;i.'u!nous  Fish  Conservation  Act 
16  U.S.C.  755  et  seq. 
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Heritage  Cunsurxation  and  Recreation 
Service  (outdoor  recreation). 

National  Park  Service: 

'Permits  for  collecting  animal 
specimens  from  National  Park  System 
areas.  16  U.S.C.  Ch.  1.3. 

'Licenses  and  permits  for  sport  or 
commercial  fishing  in  certain  National 
Park  System  areas.  16  US  C.  Ch.  1.  3. 

'Disposition  of  surplus  animals  from 
National  Park  System  areas.  16  U.S.C 
Ch.  1.  3. 

Deportment  of  Health.  Education,  and 
Welfare 

Public  Health  Service  (health). 

Food  and  Drug  Administration 
(contamination  of  fish  and  shellfish  with 
toxics). 

Department  of  Transportation 

Federal  Highway  Administration 
(highyvay  construction). 

Environmental  Protection  Agency 
(effects  of  water  pollution) 

Department  of  State  (international 
issues) 

E.  Renewable  Resource  Development. 
Production,  Management,  Harvest, 
Transport  and  Use 

Department  of  Agriculture 

Economic  Statistical  Cooperation 
Service  (data). 

Forest  Service  (timber  sale,  free  use 
and  other  timber  management  activities 
in  National  Forests  and  Grasslands). 

Science  and  Education  Administration 
(forest  and  range  management). 

Soil  Conser\ation  Ser\ice  (watershed 
protection:  soil  conservation). 

Department  of  Commerce 

National  Oceanic  and  Atmoshperic 
Administration  (coastal  and  marine 
resources  management  and 
development). 

Department  of  Defense 

Army  Corps  of  Engineers  (hydro). 

Department  of  Energy  (hydroelectric 
power.  Office  of  Conserxation  and  Solar 
Applications). 

Federal  Energy  Regulatory 
Commission. 

'  Regulation  of  development  pf  water 
resources.  Federal  Power  Act.  16  U.S.C 
791-825r  (18  CFR  4-25,  36, 131. 141). 

Department  of  Housing  and  Urban 
Development  (building  materials) 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
lands).  ^ 

'  Leases  of  Indian  lands.  25  U.S.C 
392^03b.  415.  (25  CFR  Parts  131. 141- 
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142. 144. 151-153,  231-233).  25  U  S.C.  311 
et  srq.  (25  CFR  Purt  16]). 

•  Rights-of-way  over  Indian  lands. 
141. 142. 144.  151-153.  231-233. 

Bureau  of  Land  Management  [public 
lands). 

•  Federal  Land  Policy  and 
Management  Act.  43  U.SC  1701  et  seq. 

•  Crazing  permits.  Taylor  Grazing  Act. 
43U.S.C.  315,  315a-4. 

•  The  Act  of  August  28. 1937.  43  U.S.C. 
118ld. 

Bureau  of  Reclamation  (public  works). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Heritage  Conser\'ation  and  Recreation 
Service  (effects  on  historical  and 
recreational  values). 

National  Park  Service  (National  Park 
lands). 

•  Permits  for  sport  fishing,  hunting  and 
grazing,  le  U.S.C.  Ch.  1.  3. 

Department  of  Transportation 

Federal  Highway  Administration 
(logging  haul  roads,  access  roads). 

Environmental  Protection  Agency 
[pollution  control] 

Federal  Maritime  Commission 

Office  of  Environmental  Analysis 
(carrier  rates). 

Interstate  Commerce  Commission 
(freight  rates) 

F.  Energy  and  Natural  Resources 
Conservation 

Department  of  Agriculture 

Agricultural  Stabilization  and 
Conservation  Service  (resource 
conservation). 

Forest  Service  (National  Forests  and 
Grasslands). 

Science  and  Education  Adminislralion 
(soil  and  water  conservation;  forest  and 
range  management). 
\    Soil  Conservation  Service  (soil  and 
Iwaler  conservation). 

Department  of  Energy 

1    *  Energy  Conservation  Standards  for 
INew  Buildings  Act.  42  U.S.C.  6834. 
'    Federal  Energy  Regulatory 
Commission  (hydroelectric  power  and 
natural  gas  facilities). 

Department  of  Commerce 

National  Bureau  of  Standards  (energy 
ifTiciency). 

National  Oceanic  and  Atmospheric 
\dministration  (coastal  and  marine 
vsourccs — management  and 
tfolection). 

department  of  Housing  and  Urban 
development 

i  OfTic*}  of  Housing  (previously  FHA) 
housing  standards). 


Office  of  Policy  Development  and 
Research  (energy,  building  technology 
and  standards  research). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
resources). 

Bureau  of  Land  Management  (public 
lands). 

Bureau  of  Mines  (land  reclamation: 
recycling:  and  processing  and  use  of 
materials). 

Bureau  of  Reclamation  (water 
projects). 

Geological  Survey  (oil  and  gas 
storage). 

•  Geothermal  lease  operations.  30 
U.S.C  1023  (30  CFR  270). 

irR  Ooc  70-32331  FSIm)  10-18-7».  6  45  ami 
BILUNO  COOE  312S-01-II 
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b.     state  Flow  Charts 
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Arizona 


NATURAL  RESOURCES 


Arizona  Copper  Tariff  Board  

Arizona  Game  and  Fish  Commission  

State  Land  Department  

Department  of  Mineral  Resources  

Oil  and  Gas  Conservation  Commission  

Arizona  Outdoor  Recreation  Coordinating  Commission 

Arizona  State  Parks  Board  

Arizona  Solar  Energy  Research  Commission  

Arizona  Water  Commission  
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STATE  OF  IDAHO  —  EXECUTIVE  BRANCH 


Superintendent  of 
Public  Instruction 
(Elected) 


Secretary  of 

State 

lEIecied) 


State 
Auditor 
(Elected) 


Office  of 

The 
Governor 


Lieutenant 
Governor 
(Elected) 


State 
Treasurer 
(Elected) 


-GENERAL  GOVERNMENT- 


Department 

Board 

Department  of 

of 

of 

Revenue  & 

Administration 

Examiners 

Taxation 

-HUMAN  RESOURCES- 


Department 

of 
Correction 


Department  of 

Law 
Enforcement 


State  Boara 

of 
Education 


Department  of 
Health  8. 
Welfare 


Department 

of 
Employment 


-PHYSICAL  AND  NATURAL  RESOURCES- 


Departmcnt 

of 

Energy 


Department 

of 
Fish  &  Game 


Department  of 

Parks  & 

Recreation 


Department 

of 

Lands 


Department  of 

Water 

Resources 


Attorney 
General 
(Elected) 


-ECONOMIC  DEVELOPMENTS.  REGULATION- 

1 

Department 

of 

Finance 

Department 

of 

Insurance 

Department  of 

Labor 

&  Industrial 

Services 

Department 

of 
Agriculture 

Department  of 

Self-Governing 

Agencies 

Industrial 
Commission 


ZL 


Idaho 

Transportation 

Department 


FOOT  NOTES  .r-^- 

*      IFe  Si/fjerintenciont  of  Piihlic  Instruction  is  elected  and  serves  as  Circctor  of  th^  Department  of  Education  ana  supervisas 
elementary  ami  sccondaiy  education  functions. 

••      Contains  the  Division  of  tindtjet.  Holicy  Plannin/j  Jind  Coordination 
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state  Agencies  Involved  in  Natural  Resource  Planning 
In  the  State  of  Wyoming 


Wyoming  Department  of  Agriculture 
2219  Carey  Avenue 
Cheyenne,  Wyoming  82002 


Wyoming  Department  of  Environmental  Quality 
Hathaway  Building 
Cheyenne,  Wyoming  82002 


Public  Lands 
Pioneer  Building 
Cheyenne,  Wyoming  82002 


Wyoming  Forestry  Division 
22nd  and  Ames  Street 
Cheyenne,  Wyoming  82002 
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Appendix  M;  Financial  Support  for  Programs  on  Conservation  and 
Management  of  Renewable  Resources 

Federal  and  state  budgets  are  presented  in  this  section.  They  provide 
an  indication  of  the  magnitude  of  spending  associated  with  natural 
resources  protection,  conservation,  and  management,  A  further  analysis 
of  the  budgets  and  their  trends  will  be  necessary  to  determine  the 
support  available  for  reassigning  priorities  to  programs,  implementing 
newer  legislation,  redirecting  efforts,  etc.,  if  called  for. 

The  Department  of  Agriculture,  Department  of  the  Interior,  and  the 
Environmental  Protection  Agency,  which  deal  primarily  with  natural 
resources,  have  an  FY  1981  combined  budget  estimate  totaling  in 
excess  of  $55  billion.  Construction  expenses,  state  and -local  spending, 
and  other  projects  place  the  estimate  much  higher. 

On  the  research  side,  the  federal  agencies  spend  about  $250  million 
yearly  in  water  resources-related  research.  In  soil,  water,  and  air 
research,  USDA  alone  spent  $43  million  in  1979,  while  their  total 
research  and  education  budget  for  the  same  year  was  $708  million.  Much 
of  this  research  is  conducted  by  state  and  private  institutions. 

In  soil  conservation  practices,  it  has  been  estimated  that  the  federal 
government  spents  over  $500  million  yearly.  The  state  and  local  agencies 
share  has  been  estimated  to  be  approximately  $43  million.  Amounts  spent 
in  conservation  programs  are  included  in  this  section. 


a.  Federal 
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UNITED  STATtS  r.EP.VRTMF.NT  OF  AGRICULTURE 

Program  l.o"c Is 

(Dollam  In  MliUon*) 

rt   1979   FY  1980   FY  1981 


Change 
1980  to  1981 


Agriculture  and  Nutrition; 
Farm  Programs: 

CoDEodlty  Loans  

CoDaodlty  Payments  

Fara  Loans  (Excludes 

EiDergency  Loans)  

Disaster  Relief  

Conservation  Cost  share  ... 

Prograo  Delivery  

Pest  and  Disease  Control  .. 
Production  Research  and 

Education  

Total,  Farm  Programs  .. 

Marketing  Prograns  

Marketing  Research  and 

Education  

International   Trade   and 
Food  Assistance: 
P.L.    A80   Loans   and 

Donat  Ions    

Export  Credit  

Program  Delivery  

Tctal,  International 
Trade  and  Food 

Assistance  

Domestic  Food  and  Nutrition 

Assistance   

Food  Safety  and  Quality  

Food  and  Nutrition  Research 

and  Education  

Total,  Agriculture  and 
Nutrition  

Rural  Connunlty  Development: 

Utility  Loans  

Housing  Loans  

Community  Development  Loans  • 

Grants  and  Contracts  

Research  and  Education  

Program  Delivery  

Total,  Rural  Community 

Development  

Natural  Resources: 

Forest  Resources  

Soil  and  Water  Resources  .... 

Research  and  Education  

Total,  Natural  Resources  .. 

Management  and  Administration 

Total,  USOA  Program  Level 
for  Regular  Programs  .... 

Emergency  Programs: 

Eciergency  Farm  Credit  

Fighting  Forest  Fires  

Grain  Expiort  Suspension 

Hitlgat ion  

Total,  Emergency  Programs 

Total,  USDA  Program  Levels  .. 


$4,376 

$4 

,244 

S4 

.336 

+592 

2,058 

632 

1 

,095 

♦463 

1,732 

1 

.855 

1 

,849 

-6 

25 

30 

133 

+103 

209 

244 

246 

+2 

473 

619 

659 

440 

239 

255 

261 

4« 

A99 

505 

541 

+36 

9,811 

8 

,384 

9 

,120 

+736 

103 

110 

118 

♦8 

59 


3,057 

11,112 
328 

188 


2,586 


66 


59 


58 


1,374 

1.604 

1.615 

+11 

1,621 

1,738 

2.000 

+262 

62 

70 

81 

+11 

3.412 

13,761 

347 

200 


3,696 

14.845 
356 

216 


24,658    26,273 


28.409 


14,484    14.617 


14,378 


2,685 


74 


2,759 


80 


+284 

+1,084 
+9 

+16 


+2,136 


6,816 

6.464 

6.464 

-  - 

3.804 

4,504 

4.003 

-501 

2.244 

2,016 

1.876 

-140 

845 

864 

1,011 

+147 

98 

101 

102 

+1 

677 

668 

922 

+254 

-239 


2.010 

2,082 

2.139 

♦57 

496 

515 

525 

+10 

80 

88 

95 

+7 

+74 


+6 


41,794 

43,649 

45,626 

+1,977 

5,980 

3,600 

2,000 

-1,600 

60 

101 

-  - 

-101 

— 

2,000 

800 

-1,200 

6,040 

5,701 

2,800 

-2,901 

47.834 

49.350 

48.426 

-924 
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taAxmon  or  thz  cccuor 

Coaparlioo  of   1981   Eatlm^t*  wlch  th«   1961   Ba*« 
(Dollar  anouoct   In  chouaanda) 


1981    8a «« 


Para. 
Poa. 


tL'H£AC   or  lAWD  MA.NACPCST    

(Anaual  AppropriaClooj  

(Other  Accounc t)  

Kanagcaaoc   of   Landa    and   Kciourcaa    

AcqulalcloD,   Cooatrucclon  and  Matnteaanca    

Payaanci   la   Lltu  of  Taxta    

Oretoo  and   California  Crane  Landa   

tan^a  Is^raveouica   

Kacraadon   DcvclopisaQC   and  OparaCloo  of 

K«craatloa  racllttlaa    

Sarvlca  Qiargai,    D«poilca   and    ForfelCuraa    

Parmaaaac  Approprladona 

Truat   Punda   

Hlacallaacoui  Acccunca   

OPTICt   or  VtATTR  RZSEARCH   A-VP  TECHNOLOGY 

Salacla*   and   £zpanae>    (Annual   Afproprladoa) 

vsysTACt  coysEr/ATTON  a.vd  r>s.c2ix:ion  sekvice  .. 

(Accual   Af^roprlatioas)    

(Otbar  Accounts) 

Salarlaa   and   Ejcpenaea    

Urban  park   and   racrtatloo    fund. 

Land  and  Water  Cooaatvatloo  i\md   

Hlatorlc  Praaarvaclon  Pund  

Dooactooa 

Xalabar  a  ab  La  a 

nsn  AKD  tfiu)i.r?T  servics  

(Annual  Approprladona) 

(Other  Ac  count  a) 

Easourca  Kanagaoant  

Cofiacruccion   and   aaadroncua   fiah   

Klgracory  bird  coaaervacion   accounc    

Devclopoant  &  Of>cra.    of   rcc.    facilltlea    

latlisoal  Vlldllfa   Refuge   Fu:ul   

Mlacallaneuua   pancasant    approprlatlooa    

Coocrlbutad    funda    

Othar   (crana.   rata,   ate.)    

■ATTOHAL  PMUC   SERVTC;    

(Annual   Approprladona)    

(Othar  Accounti)  

0{>«radon  of  tha  National  Park  Syataa 

ConacrucdOQ   I    

Planning,   daT.    &  opara,    of  rac.    facllldaa    .... 
Jotm  P.   Icanadv  Cantar   for   cba  Parforalng  Arta 

Cooacrucclon   II   

■lacall«nc«ua  paraianaoc  appropriation   ......... 

Truac  PUnda   

cioixxTiCAi.  scmrr 

(Anrjial   Appropriation) 

(Othar  Accounts)    * 

S^-.rvajra,    loveatlgatloc*.    and   research    

Czfloratlon  of  Kadonal  Pacrolaus  taaanre   In 

Alaska    

latabaraaoMaca   


83 


616 
(605) 


Aap'ont 


6. 214  885,052 

(5.863)        (519,452) 
(351)        (365.60Q'> 


1951    Eidaact 
Para. 


Anount 


6,318  997,495 

(5,967)      (566,200) 

(351)      (^31.295) 


4,704 

314,989 

4,808 

357,550 

166 

16,793 

166 

16,750 

5 

108,000 

5 

111,000 

809 

55,000 

809 

57.500 

83 

10,620 

83 

13,500 

3 

300 

3 

300 

93 

13.750 

93 

9,600 

— 

364,900 

— 

430,595 

3 

700 

3 

700 

358 

— 

3A« 

.• 

30.913 


83 


33.;i3 


704,860 
(704,556) 

(264) 


596 
(535) 

-iUL 


766,274 

(766, crc) 

(264) 


loe  ■(■'■)  D«c.(-) 
Perm. 

Pos.  Amount 

♦104  +112,443 

(♦104)  ^+46,748) 

(")  (♦65.695) 


♦  104 


♦42,561 

-43 

♦3.000 

♦2,500 

♦2,880 


-4.150 
♦65,695 


♦7.600 


-20         +61,414 
(-20)       (♦61,414) 


333 

16.010 

322 

16,010 

-11 

— 

53 

125.000 

51 

125,000 

•2 

.. 

188 

508,794 

182 

580.000 

-6 

♦71.206 

31 

34,792 

30 

45.000 

•1 

-9.792 

— 

264 

^ 

264 

.. 

— 

11 

— 

11 

— 

— 

— 

5,474 

441.049 

5 

.501 

449.084 

+27 

♦8.035 

(4,462) 

(294.602) 

(i 

,499) 

(297,484) 

(+37) 

(+2.882) 

(1.012) 

(146.447) 

(1 

,002) 

(151,600) 

(-10) 

(♦5.153) 

4,292 

216.424 

4 

.319 

229,766 

♦  37 

♦13.3-2 

170 

59.078 

170 

47.968 

.. 

-11.110 

155 

29,900 

155 

26,500 

— 

-3.400 

.. 

200 

67 

250 

.. 

♦50 

21 

7,600 

21 

13,200 

— 

+5.600 

67 

124.447 

67 

128.000 

-- 

+3.553 

63 

3,400 

63 

3,400 

— 

— 

706 

— 

696 

— 

-10 

— 

8,969 

553.933 

9 

.058 

541,900 

+89 

-12.033 

(8,966) 

(551.298) 

(9 

.055) 

(540,000) 

(+«9) 

(-11,298) 

(  3) 

f2.63S) 

'    3) 

(1.900) 

(") 
+89 

(.735) 

8,297 

401.155 

8 

.386 

427,697 

♦26.542 

405 

113.670 

405 

71.396 

— 

-42,274 

143 

16,830 

143 

15,007 

— 

-1,823 

79 

4,143 

79 

4.400 

-" 

♦257 

42 

13,500 

42 

21,500 

^ 

♦6,000 

— 

435 

— 

400 

— 

-35 

3 

2,200 

3 

1,500 

— 

«'700 

9.571 

650,729 

9 

.601 

532,262 

♦  30 

-118,467 

(7.871) 

(650,729) 

(7 

.983, 

532,262 

(♦112) 

(-118.467) 

(1.700) 

(-1 

(I 

,618) 

(") 

(-82) 

(-) 

7,859 

475,028 

7 

.971 

485.761 

♦82 

♦  10.733 

12 

175.701 

12 

46.301 

.. 

-129.200 

1,700 

" 

I 

.618 

— 

-82 

— 

-441- 


20 


(DolUr 


la  thousaadt) 


1981  B«f 


Pan. 


Amount 


1981  EtttMCa 
Para. 

Po«. Aaounc 


VJtZkV  or  ><IN;S    2,672            138,260 

(lanual  Afproprlacleaa)  (2.193)   (137,460) 

(Otbar  Accouoci)  (479)       (800) 

Kiaaa  and  alD«r«la  2,193     137.460 

Concrlbucad  funda  10        800 

Hlacallanaoui  accousca  469 

Balltm  Oparacloaa  

oma  OP  STPJACS  >ccvikc  kcumatlch  &  pronoyarr  1.025         181.508 

Kafulatloo  and   TecAnoLogy    CAnniial  Appropriation)    .  759              85,947 

Abaodooad  Hlna   Raclaaacloa   Fund    (A&nual  App.)    ....  266              95.561 

tvtzin  OP  rrorm  ajtairs  13,412     1, 580,872 

(Anrual  Approprlatlooa)  (12,969)  (1,026,073) 

(Ochar  Account!)  (443)    (554.799) 

Oi^araclon  of  Indian  prograaa    12,476            d08,765 

CoaattMctloo   123             93,783 

■»ad  Conatruetloa   370              67,525 

RofXbvaac  Innlao   Flanarlaa    (propoaed)    

Alaaka  Satlva  CXalsia   ■-              30,000 

Pa^uaaat  Appropriation   360             23,400 

Klac«llanaoui   tniat    funda   83           557,399 

OPna  OP  TTRRITOHIAL  ATTkXftS      136.           272.388 

CAooual  Approprlatlcna)    ' (136)        (189,388) 

(Othar  Account*)  (  — )     (83.000) 

AilBlalatratlon  of  Terrltorlat  107      74,873 

Troat  Tarrltorr  of  tba  Pacific  Idanda  60     114,510 

Paxaanta  to  tba  U.S.  Tarrlcorlaa,  Placal  Aaatatanea  —      83,000 

omci  or  THz  solicitor 

Salarlaa  and  axpanaaa  (Annual  Appro^rtatlona)  .... 

omeg  op  the  spcretart  , 

(Annual  Approprlationa) 

(Othar  Account*) 

Dapartoaotal  HanagaiLant 

Salarlc*   and   Cxpanaa*    (Spaclal  Poralsn 

Ctarrancy  Prograa)    , 

Othar    (Vorklnt  Cap.,   rala. ,  Touch  Program)    , 

TOXAL,  DEPARTHEXT  OP  THE  irtTZRIOi  funding   for 
lataaua   in  tha  Incarior  and   Ralacad  Agaactaa 

i^proprlaclooa  Act    49.968       5,511,430 

(Aaoual   Approprlaclona)    (45,599)    (4,357,885) 

(Othar  Account*)  (4.369)    a.l53"5A3^ 


2,672 
(2,193) 
JJillL 


2.193 

10 

469 

1.036 


158.966 
(158,166) 

(800) 


768 
268 


141,538 
800 

16.626 

187.831 


100.346 
87.465 


13.363     1,556.852 
(12.92O)(l,037,353) 

(443)      (519.^99) 


12,427 

823,290 

123 

93,638 

370 

59,425 

— 

5.000 

.. 

30.000 

360 

23,400 

83 

522,099 

151 

224.343 

(131) 

(182,843) 

(--) 

(41,300) 

107 

103,334 

55 

79,459 

— 

41.300 

50,200     3,528,953 
(45,923) (4,382.095) 

(4.277)a.u6.»a) 


Ine.(-*-)   Dae.    (-) 
Para. 

Poa.  Aaount 

—  ♦20,706 

(.-)      (♦20,706) 

^•-> <   "> 


♦11 


♦9 
♦2 


♦4,078 

♦16,6*28 

♦6.323 


♦14,399 
-8,076 


•49  -24.020 

(-49)      (♦11.280) 

(-)      (-35.300) 


-49 


••14,525 

-145 

-8,100 

♦5,000 


•33,300 


•3  -48.043 

(-5)      (-  6.545) 

(-)      (-41.500.) 


♦23.506 
-5  -35.051 

—         -41,500 


426 

16.578 

426 

16.796 

.. 

♦218 

1.330 
(980) 
(370) 

55.288 
(55.288) 

(--) 

1.395 
(1.025) 

(370) 

58.637 
(58,637) 

(--) 

♦45 

(-»*5) 

(-) 

♦3,349 
(♦3,349) 

(-) 

980 
370 

54.288 
l.OOO 

1.023 
370 

58,637 

♦43 

♦4,349 
-l.OOO 

♦232        ♦17,523 

(♦324)      (^24,210) 

(-92)        (-6.697) 


-442- 


Funds  Appropriated  by  State  and  Local  Governments 
for  Conservation  Programs,  1978 


Actual 
Appropriations 
Region  ($000' s) 


Great  Plains  $19,118 

Mountain  $14,051 

Pacific  9,599 


Source:  USDA,  Agricultural  Statistics,  1978 


-443- 


Agricultural  Conservation  Program  -  1977 


Total  Gross 
Region  Assistance  (OOP's) 

Great  Plains  $44,380 

Mountain  $29,108 

Pacific  $13,155 


Source:  USDA,  Agricultural  Statistics,  1978 
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Federal  Expenditures  for  Irrigation  and  Water  Conservation  Works 

(millions  of  dollars) 


1971 

Actual 

1972 

Estimated 
1973 

1974 

USDA:  SCS  (grants) 

10.9 

12.1 

15.4 

14.0 

DOI:  BIA 

6.9 

11.7 

13.0 

15.0 

WPRS*  (incl.  grants 

64.6 

84.3 

147.6 

122.5 

and  loans) 

*The  Water  and  Power  Resources  Service  was  formerly  the  Bureau  of  Reclamation. 
Source:  NWC,  Water  Policies  fo^  the  Future,  June  1973. 
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b.     State 
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Arizona 


STATEMENT  OF  EXPENDITURES,  REQUESTS  AND  RECOMMENDATIONS 


GENERAL  FUND 

GENERAL  GOVERNMENT 

HEALTH  AND  VnTELFARE 

INSPECTION  AND  REGULATION 

EDUCATION 

PROTECTION  AND  SAFETY 

TRANSPORTATION 

NATURAL  RESOURCES 

LAND,  BUILDINGS  AND 

IMPROVEMENTS 
PROPERTY  TAX  REBATE 
SALARY  INCREASES 


Actual 
1978-1979 


47,977,10 

152,666, IC 

21,323,5C 


,100 

100 

--,_-_, 500 

676,552,400 

62,185,300 

78,900 

13,270,600 

35,823,600 
29,758,000 


Estimated 
1979-1980 

59,037,300 
173,851,600' 

24,928,600 
722,412,800 

72,916,600 
80,000 

33,187,800 

34,893,900 
67,000,000 


Requested 
1980-1981 

69,274,700 
211,928,600 


Recommended 
1980-1981 

66,484,800 
199,020,000 


, , iy^,uzu,uuu 

30,215,000  26,507,700 

794,628,000  754,903,100 

114,931,000  93,357,200 

312,100  ''""  '^'^'^ 

15,594,400 


,...,200 
299,300 
13,646,900 


110,145,800 
52,300,000 


55,560,600 
34,800,000 


1,039,635,500  1,188,308,600  1,399,329,600  1,244,579,600 


OTHER  APPROPRIATED  FUNDS 

GENERAL  GOVERNMENT 

HEALTH  AND  WELFARE 

INSPECTION  AND  REGULATION 

EDUCATION 

PROTECTION  AND  SAFETY 

TRANSPORTATION 

NATURAL  RESOURCES 

LAND,  BUILDINGS  AND 

IMPROVEMENTS 
HIGHWAY-AIRPORT  CONSTRUCTION 
PROPERTY  TAX  REBATE 
SALARY  INCREASES 


OTHER  FUNDS 

GENERAL  GOVERNMENT 

HEALTH  AITO  WELFARE 

INSPECTION  AND  REGULATION 

EDUCATION 

PROTECTION  AND  SAFETY 

TRANSPORTATION 

NATURAL  RESOURCES 


6,383,500 
88,900 

2,944,500 
62,810,900 
22,683,000 
76,292,200 

8,543,800 

2,384,600 
43,940,300 
26,843,300 


6,773,600 
99,800 

3,959,600 
82,702,400 
26,869,100 
86,428,100 

8,080,300 

2,888,600 
61,284,000 
28,000,000 


8,597,000 
136,400 

4,501,900 
87,707,500 
24,752,000 
96,590,800 
10,052,100 

18,608,800 
45,280,000 


7,600,000 


7,820,000 
135,800 

4,156,100 
89,83^,600 
24,752,000 
93,512,400 

9,915,600 

17,983,300 
45,280,000 

5,000,000 


252,915,000   307,085,500   303,826,500   298,389,800 


9,234,100 
176,509,500 

1,162,700 
321,851,000 

8,750,200 
139,070,100 

7,435,300 


13,210,800 
190,363,200 

1,313,200 
347,520,200 

7,898,900 
173,651,900 

9,656,500 


10,355,100 

213,131,800 

1,434,300 

365,459,200 

7,092,000 

202,076,800 

10,123,600 


10,355,100 

213,131,800 

1,452,300 

369,204,900 

7,092,000 

202,076,800 

10,123,600 


664,012,900   743,614,700   809,672,800   813,436,500 
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Colorado 

DEPARTMENT  OF  NATURAL  RESOURCES 

($    IN   thousands) 


The  Departnent  of  Natural   Resources  is  responsible  for  wide-ranging  duties 
related  to  the  State's  land,  water,  mineral,   recreation,  and  wildlife  resources, 
as  reflected  by  the  existence  of  ten  operating  divisions  within  the  Department. 


Actual 

Governor's 

Expenditures 

Estimate 

Budget 

1978-79* 

1979-80 

1980-81 

$  589 

$  1,454 

$  568 

853 

927 

958 

595 

844 

782 

2,084 

1,084 

1,132 

5,516 

5,155 

5,266 

314 

251 

258 

967 

1,193 

1,305 

375 

804 

870 

428 

448 

469 

659 

861 

873 

4,779 

4,973 

5,139 

18,367 

20,296 

22.894 

$35,526 

$38,290 

$40,514 

10.276 

10,966 

10,330 

19,027 

21,177 

24,008 

6,223 

6.147 

6.176 

Expenditure 

Executive  Director 

Administrative  Services 

Land  Board 

Water  Conservation 

Water  Resources 

Soil  Conservation  Board 

Geological  Survey 

Mined  Land  Reclamation 

Oil  and  Gas 

Mines 

Parks  and  Outdoor  Recreation 

Wildlife 

TOTAL 

General  Fund 
Cash  Funds 
Federal  Funds 

FTE  1,084.9  1,143.8  1,179.8 


* 


General   Fund  Actual   Expenditures  have  been  taken  from  the  Financial  Statement 
of  the  State  Controller,  October  15,   1979. 

Executive  Director  -  Harris  Sherman 
839-3311 

Budget  Director  -  Jim  Corlett 
839-3311 
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02  DEiMjroiiCivr  OM^  i!:rva:ii«;Y 


DEPARTMENT  EXPENDITURE  SUMMARY:  Department  of  Energy 


FY  1979 


APPRO- 
PRIATION 


ACTUAL 


FY  1980 


APPRO- 
PRIATION 


ESTIMATE 


FY  1981 

GOVERNOR'S 

BUDGET 


CHAfi^TTRcff" 

FY   I960 
APPRO. 


By  Program: 

0101  Management  Services 

0102  Energy  Conservation 

0103  Energy  Resources 

0104  Energy  Policy  and  Research 

0105  Public  Affairs 

0106  Fuel  Services 

TOTAL 


320,800 


320,300 


0 

2.523,400 

2.523,403 

0 

332,200 

332,200 

0 

110,800 

110.800 

0 

139,000 

139,000 

0 

182,600 

182.600 

0  $ 


0  $ 


J   $  3.608,800   $  3.608.800 


By  Source: 

1101  General 

1392  Federal  Energy 


TOTAL 


0  $ 

0 


0  $ 


0  $ 

0 


0  $ 


$    900.800 
2,708,000 


$    900,800 
2,708.000 


0   $  3.608.800   $  3,608.800 


By  Standard  Class: 

Personnel  Costs 
Operating  Expenditures 
Capital  Outlay 


TOTAL 


0  $ 

0 

0 


0  $ 


0  $ 

0 

0 


0  $ 


843.600 

2.758,000 

7.200 


$    843,600 

2,758.000 

7.200 


_0   $  3,608,300   $  3,608,800 


Total  FTE  Positions: 


0.00 


0.00 


0.00 


0.00 


3/.  00 


37.00 
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16  oEPABmniKiVr  or  fish  .hvd  game 


MAJOR  PROGRAM  EXPENDITURE  SUMMARY:  Administration 


FY  1979 

FY  1980 

FY  1981 

GOVERNOR'S 

BUDGET 

CHANGE  FROM 

APPRO- 
PRIATION     ACTUAL 

APPRO- 
PRIATION    ESTIMATE 

FY  1980 
APPRO. 

By  Minor  Program 


0101  Regional  Offices 

0102  Policy/Fiscal 

$ 

478,200 
526.400 

$ 
$ 

499,800 
256,000 

755.800 

$ 
$ 

477,100 
510,500 

987.600 

$ 
$ 

477,100 
510,500 

987,600 

$ 
$_ 

569,600 
538,800 

TOTAL 

$_ 

1,004,600 

1,108,400 

By  Source: 

2104  Inter-Accounts 

2206  Fish  and  Game  Licenses 

2206  Fish  and  Game  Licenses 

(D) 
(F) 

$ 

30,000 

973,300 

1,300 

$ 

0 

717,600 

38.200 

$ 

10,000 

975,600 

2.000 

$ 

10,000 

975.600 

2.000 

$ 

8,500 

1,092,400 

7. 500 

TOTAL 

$_ 

1.004.600 

$ 

755,800 

$ 

987.600 

$ 

987.600 

$_ 

1.108.400 

$    92,500 
28.300 

$    120.800 


$    (1,500) 
116,800 
5.500 


By  Standard  Class: 

Personnel  Costs 
Operating  Expenditures 
Capital  Outlay 


TOTAL 


Total  FTE  Positions: 


$    929,500  $    847,500 
41.500     (118.900) 
33.600       27.200 

$  1,004,600  $    755.800 

47.00        47.00 


$    961,800  $    961,800 

5,000       5,000 

20,800       20,800 


120.800 


$  1,078.900   $    117,100 

5,400         400 

24.100   3,300 


987, SOO  $    987.600   $  1.108.400   $    120.800 


47.00 


47.00 


47.00 


0.00 
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18  DEPART>lEiVr  OF  LulXI^S 


DEPARTMENT  EXPENDITURE  SUMMARY:  Department  of  Lands 


By  Program: 

01  Supporting  Services 

02  Forest  and  Range  Fire  Pro- 
tection 

03  Forest  Resources  Management 

04  Lands  and  Range  Resources 
Management 

05  Earth  Resources  Management 

06  Maintenance,  Gooding  Tuber- 
culosis Hospital 

14  Soil  and  Water  Conservation 

15  Scaling  Practices 


TOTAL 


By  Source: 


1101  General 

1105  Miscellaneous  Receipts 

1248  State  Scaling 

1254  Forest  and  Range  Conser- 
vation 

1255  Land  Commissioner's  Scaling 
Trust 

1256  Forest  Management 
1277  U.S.  Clarke-McNary 

1281  Soil  Erosion  Control 

1282  Insect  and  Disease  Control 

1283  Site  Restoration 

1284  Clearwater  Potlatch  Timoer 
Protection  Association 

1285  Southern  Idaho  Timber  Pro- 
tection Association 

1286  Ten  Percent  Grazing  Lease 

1287  Ten   Percent    Recreation 
Lease 

1288  Ten  Percent  Timber  Lease 
1352  Pacific  Northwest  Regional 

Commission 
1378  Land  Federal 
2253  Oil  and  Gas  Commission 


TOTAL 


By  Standard  Class: 


Personnel  Costs 

Operating  Expenditures 

Capital  Outlay 

Trustee  and  Benefit  Payments 


FY  1979 

FY  1980 

FY  1981 

GOVERNOR'S 

BUDGET 

CH 
FY 

^n(5e  from 

APPRO- 
PRIATION 

ACTUAL 

APPRO- 
PRIATION 

ESTIMATE 

1980 
APPRO. 

$    884.300 

$ 

831,500 

$  1.048.800 

$ 

1.048.800 

$  1,172,500 

$ 

123,700 

4,399,700 
3,376,900 

3.883.300 
3.334,700 

4,308,100 
3,372.100 

4.802.100 
4.190,600 

4,956.600 
3,790,700 

648.500 
418.600 

890,300 
670,700 

701.400 
506,300 

818.600 
623.900 

818.500 
623.900 

872,500 
681,200 

54,000 
57,300 

136,700 
486,200 
113,800 

128,100 

624,200 

78,300 

0 
503,400 
117,700 

0 

653,400 
134,900 

0 
679,700 
147,200 

0 

176.300 

29.500 

%   10.958.600  $  10.087.800   $  10.792.500  $  12.272.200   $  12.300.400   $  1.507,900 


4.674.700  $ 

17.800 

113.800 

6.800 

293,000 
1,001,100 
1,023,300 
275,500 
355,400 
175,000 

1,036,100 

74,000 
190,700 

19,100 
1,340,500 

0 

361,800 

0 


4,402,500 
10,000 
78,300 

4,000 

264,700 
764,500 
897,400 
146,100 
366,500 
40,700 

977,400 

71,000 
45,100 

7,500 
1,128,000 

50,600 

864.500 

0 


4,788.000 

40.300 

117,700 

8.300 

420.200 
979.500 
952.100 
282,400 
157.800 
255,000 

1.093.900 

77.700 
110.600 

32.900 
1.250,800 

0 

220,300 

5,000 


4.788,000 

40,300 

134,900 

8,300 

420,200 
1,179,500 
952,100 
282,400 
157,800 
255,000 

1,093.900 

127,700 
110,600 

32,900 
1,345,800 


1,337,800 
5,000 


$  5,170,400 

68,700 

147,200 

8,300 

479,600 
1,534,500 
799.600 
292,200 
168,900 
201,500 

1,168,500 

137,700 
127,300 

35,500 
1,518,500 

3,400 

433,100 

6.400 


382.400 
28.400 
29,500 


59.400 

555.100 

(152.500) 

9.800 

11,100 

(53,500) 

74,600 

60,000 
16,700 

2,600 
267,700 

3,400 

212,800 

400 


$  10.958.600  $  10.087,800   $  10.792.500  $  12.272,200   $  12,300.400   $  1.607.900 


TOTAL 


Total  FTE  Positions: 


$  5,539,400  $  5.105.600 

4.762.800  4,258,300 

307,900  401,100 

348,500  322.900 

$  10,958,600  $  10,087.800 

236.45  236.45 


$  5,757,100  $  6,016,500  $  6,690,300  $    933,200 

4,435,700  5,443,500  4,942,200  506,500 

258,700  329, /OO  296,900  38.200 

341,000  482.500  371.000  30.000 

$  10.792.600  $  12.272.200  $  12.300,400  $  1,507,900 

232.70  232.75  235.25  2.55 
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19  WElMI^Ti^IElVr  OM-^  WATER  EUBSOlTI^Cr^ 


iiFPARTHENT  EXPENDITURE  SUMMARY:   Department  of  Water  Resources 


FY  1979 


FY  1980 


By  Major  Program: 

01   Management   and    Support 
Services 

06  Regional  Offices 

07  Technical  Services 

08  Project  Studies 
Oa   Operations 

10   Water    Resource    Board 
Studies 


APPRO- 
PRIATION 


477,500 
924.500 
761,300 
347,700 
349.000 


TOTAL 


By  Sour 


1101  General 

1238  Water  Administration 

1239  Watermaster  Account 
1302  Federal  Water  Account 

PNRC 

1312  Water  Resource  Planning 

1313  Landsat  -  PNRC 
1332  Corps  of  Engineers 
1335  Geothermal  Research 

1337  Water   Rights  Information 
System 

1338  Coop  State  River  Basin 
1343  Dam  Safety  Program 

1345  Federal  Land  Development 
1353  Environmental  Protection 
15B1  Idaho  Drought  Committee 
1383  Drought  Emergency  Program 
9323  Water  Resource  Conservation 
and  Development 


TOTAL 


By  Standard  Class: 


''ersonnel  Costs 

Operating  Expenditures 

Capital  Outlay 

Irustee  and  Benefit  Payments 


TOTAL 


l£tal  FTE  Positions: 


ACTUAL 


668.000 
815,400 
712,300 
953,200 
541,500 


APPRO- 
PRIATION 


ESTIMATE 


FY  1981 

GOVERNOR'S 

BUDGET 


500,500  $ 

531,000 

$    548,200 

801,400 

855,900 

1,148.800 

757,600 

825,800 

819,200 

351,100 

646,500 

325,800 

375,800 

517,200 

847,600 

435.000 


716.000 


CHAN(i£  FftoM 
FY   1980 
APPRO. 


47,700 
347,400 

61,600 
(25,300) 
471,800 

(435,000) 


$  2.860.000  $  3.690.400   $  3.221.400  $  4.092.400   $  3.689.600   $    468.200 


2,320.200  $ 

2,219,300  '■ 

$  2,457, 

,400  $ 

2,833,200   : 

$  3,194,100   $ 

736,700 

177,200 

172,600 

177 

.200 

127,200 

257,600 

80,400 

200,000 

87,100 

101,800 

106,400 

101,300 

(500) 

0 

0 

0 

57,000 

0 

0 

0 

46,600 

0 

15,600 

0 

0 

0 

29,900 

0 

71,500 

1,500 

1,500 

128,100 

59,700 

0 

20,900 

0 

0 

0 

219,800 

0 

245,200 

4,900 

4,900 

0 

62,000 

0 

36,400 

2,800 

2,800 

34,500 

429.900 

50, 

,000 

30,000 

0 

(50,000) 

0 

151,400 

0 

42.300 

4,400 

4,400 

0 

10,000 

0 

0 

0 

0 

0 

0 

0 

71.700 

123,000 

123.000 

0 

13,400 

0 

0 

0 

0 

0 

188,700 

0 

0 

0 

0 

435.000 


435.000 


$  1,965.700 

513,400 

79,800 

301.100 


2,134,100 
676.800 
583,700 
295,800 


$  2,860,000  $  5.690,400 


99.14 


102.00 


$  1,946,200  $  2,222,900 

926,100  1,339,600 

37,100  82,900 

312,000  447,000 

$  3,221.400  $  4.092.400 

90,00  104.00 


$  2.488.700 
708.400 
130.500 
362.000 


(435.000) 


$  2.860.000  $  3,690.400   $  3.221,400  $  4.092,400   $  3.689.600   $   dRfi,?nn 


$    542.500 
(217.700) 
93,400 
50.000 


$  3,689,600   $ 468.200 


1C1.50 


11.50 
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State  of  North  Dakota 


EXECUTIVE  OFFICE 

BISMARCK 


ARTHUR  A.  LINK 
Governor 


The  Natural  Resources  Council  1979-81  biennium  budget 


Attorney  General's  Office  $2,973,299 

Department  of  Agriculture  $1,645,849 

Office  of  Energy  Manaaerr.ent  $12,750,542 

State  Forest  Service  $1,146,215 

Game  and  Fish  Department  $8,276,818 

Geological  Survey  $2,736,581 

State  Health  Department  $22,910,784 

State  Highway  Department  $242,123,416 

State  Historical  Society  $2,954,130 

State  Parks  and  Recreation  $13,307,764 

Public  Service  Commission  $6,302,305 

Soil  Conservation  Committee  $  577,798 

State  Land  Department  $  828,675 

State  Planning  $2,145,936 

State  Water  Commission  $5,929,285 
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South  Dakota  -  FY  1979 

Department  of  Environmental   Protection  $2,080,186 

Department  of  Natural   Resources                            -  2,346,941 

Department  of  Water  and  Natural   Resources  3,494,014 

Geological   Survey  1,180,857 


Texas 


RECAPITULATION-APTICLE  III 
EXECOTIVE  AND  ADM  I N ISTBAT I Vt  OEPA'TKENTS  AND  AGENCIES 

riSCAL  YEAR  IVSJ 


GENERAL 

UIMLR 

REVENUE 

FUNDS 

TOTAL 

Accountancy'  Beard  of 

Puollc 

1 

\         1,365,000 

t    1,365,000 

Adjutant  General'* 

Departitif  nt 

j»ai3,M« 

435,000 

4,238,514 

Aeronajtics  Connlstlon, 

Texai 

4,001,185 

348.313 

4,349,498 

Agriculture^  Department 

ot 

13,932,431 

400.000 

14,333,431 

Air  Control  Board 

7,720,695 

3.000,000 

9,730,695 

Alconollc  Beverage 

Com.T  1  s  s  1  on 

13.855,137 

12,855.137 

Anujenent  Macnine  Commljilon 

566,832 

586.833 

Anloal  Health  CoixTlstlon 

8,3e5,ttbO 

1.346.06) 

y. 631, 923 

ArcMtectural  Exa.-^lnerst 

board  of 

338,036 

236,026 

Armory  hoard/  Texas 

National  Guard 

1.476,129 

4,997,34y 

6,473,478 

Art*  and  Humanltle»» 

Texai  Co»r.istion  on 

tnc 

1,493,808 

483, 1V2 

1,976,000 

Attorney  Ceneral'i 

Oftlce 

■.080,505 

73'7,609 

8,818,114 

BanKlng>  Department 

of 

125,411 

125,411 

BarDcr  Exaolneri/  Board 

of 

336.160 

336,160 

Battlesnlp  Texai  Conmls- 

slon 

280.937 

280,937 

Cnlropractlc  Exa«lner». 

Board  ot 

60,766 

60,766 

Coastal  and  Marine 

Council/  Texai 

213,924 

312,934 

Coxmunlty  Affalri* 

Department  of 

3,667,365 

84, 253, 618 

86,919,983 

Comptroller  of  Puellc 

Account! 

45,948,393 

15,881,319 

61,839,512 

Voter  ^eglitratlon 

2,250,000 

2,250,000 

Miscellaneous  Claim 

(H.B.  b05J  for 

Payment  of  Saall 

Clalmi 

500,000 

1,000,000 

1,500.000 

County  Taxei  on  Unlverilty 

Lands 

600,000 

600,000 

Confederate  and  Ranger 

Pensions 

71,720 

71,720 

Control*  Board  of 

15,364,673 

1,991,336 

17,356,009 

Corrections.  Departoent 

of 

133,406.986 

132,406,986 

CoiBCtology  Cooalstlon 

1,019,586 

1,019,586 

Dental  Exaalncri*  Board 

ec 

«88,94J 

488,941 

-464- 


PECAPITULAIION-ARTICLE  III 
EXECUTlVt  AND  AC.INISTPAIIVE  DEPARTMENTS  AND  AGENCIES 

FISCAL  tEAP  JVBl 


CINLF'AL 
REVENUE 


OTmLR 
(UNDS 


TOTAL 


Employees  Petlrewent 

Sy»;»"< 

(  255 

,141,434 

S  166, 

,794,749 

1  421.936,183 

State  Pension  Review 

boara 

79,341 

79,341 

EP.ployr.ent  Corr.lsslon, 

Texas 

93, 

,970,743 

93,970,743 

State's  Reimbursement 

to  tne  Unejployment 

Compensation  benefit 

Account 

2< 

,000,000 

2, 

,500,000 

4,500,000 

Energy  Aovisory  Council* 

Texas 

834,94b 

83,000 

917,946 

EnglneerSf  Board  ot 

Registration  for 

f rot esslcnal 

610,1112 

610,182 

fire  Prctfctlon  Personnel 

Standards  and  Education. 

■  Comnl ss 1  on  on 

110,449 

tl0,449 

rirerren's  Pension 

Cocslssloner 

251,641 

351,641 

Cooo  Nelgncor  Co.Tir.lssion 

178, 85t 

178,856 

Governor*  Ottlce  of 

- 

tr.e 

2, 

,420,887 

339,895 

2,760,782 

Energy  Office 

264,445 

i. 

,380, IHO 

8,544.625 

Budget  and  Planning 

2, 

,743,712 

1, 

,075,000 

3,818,713 

Criminal  Justice 

Planning 

34, 

,960,617 

34.960,617 

CoKialttee  on  Aging 

2, 

,476,472 

30, 

,757,181 

33,233,653 

Film  Coaslsslon 

217,510 

317,510 

Payments  for 

ContrlDutlons. 

Emergencies  and 

Deficiencies 

I, 

,185,460 

50,000 

1,335,460 

Governor's  CoT.iljslon 

or.  Pnyslcal  Fitness 

98,656 

98,656 

Hearing  AidS/  Board  of 

txaxlners  In  tne 

Fitting  and  Dispensing 

of 

42,449 

43.449 

Hign»ays  and  Puollc 

Transportation,  State 

^ 

Departirent  of 

n, 

,700,000 

1,332, 

,496,500 

1,350,196.500 

Historical  Commission, 

Texas 

842,665 

1, 

,194.542 

3,037,207 

Housing  Finance  Autnorlty, 

Texas 

499,449 

499,449 

Indian  Comoisslon, 

Texas 

460.188 

460,188 

Industrial  Accident 

Board 

«, 

,000,039 

294,403 

4,394,443 

Industrial  Commission 

1, 

,485.353 

780,451 

2,265,804 

Insurance,  State  Board  of 

13, 

,784,214 

13,784.314 

I!I-391 


0».-:«.79 


CI 
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RECAPITULATION-ARTICLE  III 
EXECUTIVE  AND  ADMINISTRATIVE  DEPASTKt.NTS  AND  AGENCIES 
(Contlnu«d)  ' 


FISCAL  TEAR  1481 


CENEKAL 
REVENUE 


OTHER 
rUNOS 


TOTAL 


Intergovernmental  felationf* 

Tcxat  Advliory  Coirmiislon 

on 

263,517   1 

263,517   1 

1      537,034 

Invest Igatort  and  Private 

Security  Agencle»» 

Texas  board  o(  Private 

S3l,b93 

538,693 

Irrigators.  Texas  Board  of 

27,500 

37,500 

Jail  Standards.  Commission 

on 

340,315 

340,315 

Labor  and  Standards. 

Texas  Departirent  of 

2, 

,911,737 

336, 7y4 

3,348,531 

Land  Office  and  Veterans' 

Land  Board.  General 

5, 

.210,043 

1.250.000 

6.460,043 

Land  Surveying.  Board  of 

99,000 

99.000 

Landscape  Arcnitects. 

Board  of 

64,3M7 

64,387 

Law  Enforcement  Officer 

Standards  and  Education. 

Cosnlsslon  on 

1,528,673 

1,538,673 

Library  and  Historical 

CoiBlsslon 

5, 

r303,llSl 

3,051,167 

8,355,018 

nedlcal  Exaninert. 

Board  of 

714,557 

714,557 

Morticians,  Board  of 

188,566 

188,586 

Motor  Venlcle  Cotaisslon, 

Texas 

181,681 

181,681 

Nlaltz  Memorial  Naval 

Maseua  ComiMsslon. 

fleet  Adslral  Cnesler 

H. 

146,501 

25,000 

171,501 

Nurse  Examiners.  Board 

of  Vocational 

396,035 

396,035 

Nursing  Home  Adr Inlstrators. 

Board  of 

145,314 

145,314 

Optometry  Board.  Texas 

•0,437 

80,437 

Pardons  and  Paroles. 

Boaro  of 

9< 

,707,474 

445,573 

10,153,047 

Paries  and  wildlife 

Departrent 

11< 

,702. 8S8 

56,749,704 

68,453,563 

Pest  Control  Board, 

Structural 

398,138 

398, 131 

Physical  Tnerapy  Exanlnert. 

Board  of 

58,365 

S8,36S 

Probation  Commission. 

Adult 

30, 

,537,833 

30,537,833 

Piycnologlsts.  Board 

of  Examiners  of 

90,791 

90,791 

Pallroad  Convisslon 

3, 

.059,587 

13,106,106 

16,165,69) 

Real  Estate  Commission 

1,931,556 

1,931.556 

Safety.  Department  of 

PuoUc 

31, 

,377,359 

71,483,-556 

103,860,91S 

Scnool  Tax  Assessment 

Practices  board 

li 

,604.605 

1,604, 60S 

Secretary  of  State 

4^ 

,399,753 

4,389,751 

Securities  board.  State 

1< 

,549,844 

1,549,844 

Sesqulcentennlal  Commission. 

Texas 

100.000 

100,000 

Soli  and  water  Conservation 

Board 

\. 

,670.513 

1,670.51) 
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PECAPITULATlON-AMTlCLt  III 

EXECUTIVE  AND  ADMINISTRATIVE  OTPAKTMENTS  AND  AGENCIES 

(Continued) 

riSCAL  TEAR  IVBl 


State-rcderal  Relations* 

Office  Of 
Tax  Atsestor  Examlnert* 

Board  of 
Tourist  Developrent 

Agency 
Treasury  Oepartxent 
Utility  CoKTltfion  of 

Tcxatt  Pjbllc 
Veterans  Affairs  Coamlsslon 
Veterinary  Kedlcal 

Examiners.  Board  of 
Hater  Resources*  Oepartnent 

of 
water  Hell  OrlUeri 

Board 

TOTAL*  EXECUTIVE  AND 
ADMINISTRATIVE 
DEPARTMENTS  AND 
AGENCIES  t  667*409,533  (1,968*316.203  t3, 655, 635, 736 


CENCPAL 

OTHER 

REVENUE 

FUNDS 

TOTAL 

<      995*740 

• 

1 

1      595,740 

131*237 

131*337 

1,550,034 

1*550*034 

1*936,099 

7*b36*744 

9,574,643 

3*134*469 

1*134*469 

1*376*458 

1*378.458 

166*084 

166*084 

14*944*393 

10*500*397 

35*444*589 

9.000 

?ffi9Q 
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and  Abbreviations 


-469- 


Common  Abbreviations 


acre 

ac 

acre- foot 

af 

acre- foot  per  year 

af/yr 

average 

avg 

bmion  gallons  per  day 

bgd 

capita 

cap 

cubic  foot 

ft3 

cubic  feet  per  second 

cfs 

cubic  meter 

m3 

cubic  yard 

yd3 

dollars 

dol. 

foot 

ft 

gallon 

gal 

gallons  per  capita  per  day 

gcd 

gallons  per  minute 

gpm 

hectare 

ha 

Inch 

In 

inches  per  year 

In/yr 

kilogram 

kg 

kilometer 

km 

kilowatt 

kw 

k11owatt-ho<iir 

kwh 

liter 

1 

megawatt 

mw 

mile 

ml 

*from  SRM  (Society  of  Rangeland  Management)  Glossary  and  Soil  Science  Society 
of  America  Glossary. 
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millimeter  mm 

mi  1 1 i  on  mi  1 . 

million  acre- feet  maf 

million  acre- feet  per  year  maf /yr 

million  gallons  per  day  mgd 

month  mo 

number  no. 

parts  per  million  ppm. 

percent  % 

square  mile  sq  mi 

thousand  thou, 

year  yr 

Approximate  Conversion  Factors 

hectare  (ha)  =  2.47  acres 

square  mile  (sq  mi)  =  2.59  km^  =  640  acres 

million  gallons  per  day  (mgd)  =  1.12  x  10^  af/yr  =  694  gpm 

billion  gallons  per  day  (bgd)  =  1550  cf  =  3.785  million  cubic  meters/day 

inch  =  25.4  millimeters   (mm) 

mile  =  1.61   kilometers   (km) 

acre- foot  (af)  =  4,356  cf  =  325,851   gal  =  1,233.5  cubic  meters 

cubic  foot  (ft^)  =  28.317  1   =  .028  m^  =  7.48  gal  =  62.4  lbs.  of  water 

cubic  yard  (yd"^)  =  0.765  m-^ 

U.S.   gallon  =  3.785  1. 

pound  =  0.453  kg. 

metri  c  ton  =  1.1  ton 
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Glossary 

-  A  - 

Abandonment  -  An  intentional  relinquishment  of  a  known  right.  Concurrence 
of  relinquishment  of  possession,  and  intent  not  to  resume  it  for  beneficial 
use.  Neither  alone  is  sufficient. 

Acre- foot  -  The  quantity  of  water  required  to  cover  1  acre  to  a  depth  of 
1  foot. 

Agricultural  Land  Classification  - 

Cropland  -  Land  used  primarily  for  the  production  of  cultivated  crops, 
close-growing  crops,  and  fruit  and  nut  crops. 

Pastureland  -  Land  used  primarily  for  the  production  of  domesticated 
forage  plants  for  livestock. 

Rangeland  -  Land  on  which  the  natural  potential  (climax)  plant  cover  is 
principally  native  grasses,  grasslike  plants,  forbs,  and  shrubs.  It 
includes  natural  grasslands,  savannahs,  certain  shrubs  and  forb  lands, 
most  deserts,  tundra,  alpine  communities,  coastal  marshlands,  and  wet 
meadows.  It  also  includes  lands  that  are  revegetated  naturally  or 
artificially  and  are  managed  like  native  vegetation.  It  is  not  cultivated, 
drained,  irrigated,  or  mechanically  harvested. 

Albedo  -  The  amount  of  solar  radiation  reflected  by  a  surface. 

Atmospheric  albedo  -  The  amount  of  radiation  reflected  by  clouds  and 
other  particles  1n  the  atmosphere.        i 

Surface  albedo  -  The  amount  of  radiation  reflected  by  the  surface  of  the 
earth. 

Alkalinization  -  Process  by  which  alkali  salts  accumulate  in  the  soil. 

Allotment  -  An  area  designated  for  the  use  of  a  prescribed  number  and  kind 
of  livestock  under  one  plan  of  management.  It  generally  consists  of  public 
lands  but  may  Include  parcels  of  private  or  State-owned  lands.  The  number 
of  livestock  and  season  of  use  are  stipulated  for  each  allotment.  An 
allotment  may  consist  of  several  pastures  or  only  one  pasture. 

Alluvial  -  Related  to  sediment  deposited  by  streams. 

Alluvial  soil  -  A  type  of  soil  that  develops  from  waterborne  sediment; 
azonal . 

Animal  unit  -  The  range  livestock  measurement  equivalent  to  one  mature 

(1 ,000  lb. )  cow  or  the  equivalent  based  upon  average  daily  forage  consumption 

of  26  lbs.  dry  matter  per  day,  usually  one  horse,  five  sheep,  etc. 
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Animal  unit  month  (AUM)  -  A  measure  of  forage  or  feed  required  to  maintain 
one  animal  unit  for  a  period  of  30  days. 

Aquifer  -  A  saturated  underground  body  of  rock  or  similar  material  capable 
of  storing  water  and  transmitting  it  to  v;ells  or  springs. 

Aquifer  recharge  -  The  process  of  refilling  an  aquifer  from  which  water 
has  been  drawn. 

Arid  lands  -  Areas  where  annual  evapotranspiration  loss  equals  or  exceeds  annual 
precipitation;  where  a  deficiency  of  water  prevails;  where  precipitation 
varies  widely  in  time  and  space.  Most  arid  areas  have  warm  or  hot 
temperatures  in  at  least  one  season  with  the  diurnal  (daily)  temperature 
variance  wide.  Wind  and  abundant  sunlight  are  a  common  characteristic  to 
arid  lands. 

The  classification  of  arid  lands  is  semi  a rid,  arid,  or  extremely  arid. 
On  the  average,  semiarid  lands  receive  10-25  inches  of  annual  precipitation, 
arid  lands  5-10  inches,  and  extremely  arid  lands  less  than  5  inches.  The 
United  States  contains  land  in  each  of  the  three  classifications. 


-  B  - 

Biomass  -  The  total  amount  of  living  plants  and  animals  above  and  below 
ground  in  a  particular  habitat  or  area. 

Biota  -  The  flora  and  fauna  of  a  region. 

Browse  -  As  a  verb,  to  consume,  or  feed  on  or  eat  (a  plant);  as  a  noun, 
the  tender  shoots,  twigs,  and  leaves  of  trees  and  shrubs  often  used  as 
food  by  cattle,  deer,  elk,  and  other  animals. 

Browse  line  -  A  well-defined  height  to  which  browse  has  been  removed  by 
animals. 

Brush  -  Vegetation  consisting  primarily  of  bushes  and  shrubs  usually 
undesirable  for  livestock  or  timber  management.  It  may  sometimes  be  of 
value  for  browse  or  for  watershed  protection. 

-  C  - 

Carrying  capacity  -  The  maximum  stocking  rate  possible  without  inducing 
damage  to  vegetation  or  related  resources.  It  may  vary  from  year  to  year 
on  the  same  area  due  to  fluctuating  forage  production. 

Center  pivot  -  Irrigation  system  in  which  a  radial  arm  supporting  sprinkler 
heads  rotates  on  large  wheels  around  a  central  pivot  which  is  usually  over 
a  well.  The  result  is  a  circular  irrigated  field  usually  one  section 
(640  acres)  in  size. 

Channel  -  That  part  of  a  natural  stream  where  water  normally  flows  or  a 
ditch  excavated  for  the  flow  of  water. 
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Channelization  -  The  process  by  which  a  natural  stream  is  converted  into  a 
ditch  for  the  ostensible  purpose  of  flood  control. 

Clearcuttinq  -  A  method  of  cutting  that  removes  the  entire  timber  stand 
from  the  area  cut. 

Compaction  -  Process  by  which  soil  is  packed  tightly,  losing  porosity. 

Conservation  tillage  -  A  form  of  noninversion  tillage  that  retains  a 
protective  amount  of  residue  mulch  on  the  surface  throughout  the  year. 
Some  conservation  tillage  methods  are:  minimum  tillage,  no  till,  reduced 
tillage,  stubble-mulch  tillage,  chisel  planting,  and  till  planting. 

Consumptive  Use  (of  water)  -  Withdrawing  water  from  a  supply  which,  because 
of  absorption,  transpiration,  evaporation,  or  incorporation  in  a  manufactured 
product,  is  not  returned  directly  to  a  surface  or  ground  water  supply;  hence, 
water  is  lost  for  immediate  further  use. 

Nun-consumptive  use  (of  water)  -  The  act  or  process  of  using  water  that 
does  not  reduce  its  volume;  the  utilization  of  water  in  the  process  of 
producing  a  product  which  results  in  no  deterioration  of  quantity  or  quality 
or  transformation  of  water;  primarily  involves  instream  flow. 

Contour  farming  -  Plowing,  cultivating,  and  harvesting  crops  along  the 
contour  of  the  land  rather  than  up  and  down  the  slope;  an  effective  technique 
for  controlling  soil  erosion. 

Cost-benefit  analysis  -  Comparison  of  the  expected  benefits  of  a  project  with 
the  anticipated  costs  of  that  project. 

Cover  -  The  material  covering  the  soil  and  providing  protection  from,  or 

resistance  to,  the  impact  of  raindrops  and  the  energy  of  overland  flow,  and 

expressed  in  percent  of  the  area  covered.  Composed  of  vegetation,  litter, 

small  rock,  and  large  rocks.  These  may  be  lying  on  or  within  20  feet  of 
the  ground  surface. 

Cover  crop  -  A  close-growing  crop  grown  primarily  for  the  purpose  of 
protecting  and  improving  soil  between  periods  of  regular  crop  production  or 
between  trees  and  vines  in  orchards  and  vineyards. 

Cropland  -  See  Agricultural  Land  Classifications. 

-  D  - 

Deferred  grazing  -  The  use  of  delay  or  discontinuance  of  livestock  grazing 
on  an  area  for  an  adequate  period  of  time  to  provide  for  plant  reproduction, 
establishment  of  new  plants,  or  restoration  of  vigor  of  existing  plants. 
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Deposition  -  The  process  by  which  soil  particles  are  transported  by  wind 
and/or  water  and  are  deposited  in  a  place  other  than  that  of  origin. 

Desert  pavement  -  The  stony  surface  of  some  deserts  caused  by  excessive 
erosion  of  the  thin  topsoil  by  the  occasional  heavy  rainfall  or  by  wind 
erosion. 

Desertification  -  The  gradual  and  sustained  destruction  or  reduction  of 
the  land's  capacity  for  plant  and  animal  production. 

Diurnal  -  by  day. 

Drainage  -  Gradual  outflow  of  water  by  means  of  surface  or  subsurface 
water  movement. 

Drainage  basin  -  The  land  area  from  which  water  drains  into  a  river.  Also 
called  "catchment  area,"  "watershed,"  or  "river  basin." 

Drought  -  The  condition  of  moisture  deficit  sufficient  to  have  a  temporal 
adverse  effect  on  vegetation,  animals,  and  man  over  a  sizable  area  (Warrick, 
1975). 

.  .  .  A  prolonged  lack  of  precipitation  less  than  average  (Russell,  1970). 

...  A  prolonged  weather  condition  characterized  by  deficient  moisture  and 
increased  evaporation. 

.  .  .  Climatic  excursion  involving  a  shortage  of  precipitation  sufficient 
to  adversely  affect  crop  production  or  range  productivity  (Rosenberg,  1979). 

-  E  - 

Ecosystem  -  A  community  of  organisms  in  relation  to  their  environment 
including  both  the  living  and  non-living  constituents,  and  forming  an 
interacting  system  Inhabiting  an  identifiable  space. 

Environment  -  The  surrounding  conditions,  influences,  or  forces  that 
affect  or  modify  an  organism  or  an  ecological  community  and  influence  its 
development  or  existence. 

Ephemeral  stream  -  A  stream  which  flows  only  after  rainfall  or  snowmelt;  or 
which  does  not  flow  continuously. 

Erosion  -  The  process  by  which  portions  and  particles  of  soil  are  broken 
away  and  transported  to  another  location  by  agents  such  as  wind  or  water. 

Accelerated  erosion  -  Erosion  much  more  rapid  than  normal,  primarily 
resulting  from  the  influence  of  the  activities  of  man  and  animals,  or 
natural  events  such  as  fire  that  exposes  the  surface. 

Geologic  erosion  -  The  normal  or  natural  erosion  caused  by  geologic 
processes  acting  over  long  geologic  periods. 
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Gully  erosion  -  The  erosion  process  whereby  water  accumulates  in  narrow 
channels  and,  over  short  periods,  removes  the  soil  from  the  narrow  area 
to  considerable  depths,  ranging  from  1  to  2  feet  to  as  much  as  75  to  100 
feet. 

Natural  erosion  -  Wearing  away  of  the  earth's  surface  by  water,  ice,  or 
other  natural  agents  under  natural  environmental  conditions  of  climate, 
vegetation,  etc.,  undisturbed  by  man.  Synonymous  with  geologic  erosion. 

Normal  erosion  -  The  gradual  erosion  of  land  used  by  man  which  does  not 
greatly  exceed  natural  erosion. 

Rill  erosion  -  An  erosion  process  in  which  numerous  small  channels  of  only 
several  inches  in  depth  are  formed. 

Sheet  erosion  -  The  removal  of  a  fairly  uniform  layer  of  soil  from  the 
land  surface  by  runoff  water. 

Splash  erosion  -  The  spattering  of  small  soil  particles  caused  by  the 
impact  of  raindrops  on  soils.  The  loosened  and  spattered  particles  may 
or  may  not  be  subsequently  removed  by  surface  runoff. 

Erosion  pavement  -  A  layer  of  coarse  fragments  of  gravel  and  stones  on  the 
surface  of  the  ground,  remaining  after  the  removal  of  the  fine  particles 
by  erosion. 

Evapotranspiration  -  Loss  of  water  from  the  soil  both  by  evaporation  and 
by  transpiration  (passage  as  vapor  through  membranes)  by  plants  living 
thereon. 


-  F  - 

Forage  -  Vegetative  material  produced  by  plants  and  used  as  food  by  animals 
Forb  -  A  small  broadleaf  plant;  weed. 

-  G  - 

Grasses  -  Narrow-leaved  plants  often  used  as  forage. 

Tall  grass  -  Species  such  as  bluestem,  Indian  grass,  and  wheatgrass 
generally  ranging  in  height  from  3  to  8  feet. 

Short  grass  -  Species  such  as  buffalo  grass  and  grama,  generally  ranging 
from  0.5  to  2  feet  in  height. 

Grazing  capacity  -  (See  Carrying  capacity) 
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Grazing  district  -  An  administrative  subdivision  of  the  rangelands  under 
jurisdiction  of  federal  or  state  management. 

Ground  water  mining  -  The  condition  when  withdrawals  are  made  from  an 
aquifer  at  rates  in  excess  of  net  recharge;  sooner  or  later  the  underground 
supply  will  be  exhausted  or  the  water  table  will  drop  below  economic  pump 
lifts;  overdraft. 

Gully  -  A  channel  cut  by  concentrated  runoff  through  which  water  commonly 
flows  only  during  or  immediately  after  heavy  rains  or  during  the  melting 
of  snow.  A  gully  is  deep  enough  to  interfere  with,  and  not  to  be 
obliterated  by,  normal  tillage  operations. 

Gully  reclamation  -  The  "mending"  of  a  gully  by  either  physical  methods 
(check  dams  of  boulders  or  cement)  or  vegetational  means  (planting  of 
rapidly  growing  shrubs  on  the  slopes). 


-  H  - 

Hardpan  -  A  hardened  or  cemented  soil  layer.  The  sandy,  loamy,  or  clayey 
soil  material  is  cemented  by  iron  oxide,  silica,  calcium  carbonate,  or 
other  substances.  The  hardness  does  not  change  appreciably  with  changes 
in  moisture  content,  and  pieces  of  the  hard  layer  do  not  slake  in  water. 

Horizon  -  The  distinctive  horizontal  layers  that  are  apparent  in  vertical 
soil  cross-sections. 

Humus  -  Accumulated  decomposed  debris  of  plant  stems,  leaves,  and  roots 
forming  the  organic  material  in  soils. 

Hydrologic  cycle  -  The  circulation  of  water  from  the  sea,  through  the 
atmosphere,  as  precipitation  to  the  land,  and  then  (with  many  delays)  back 
to  the  sea  by  overland  and  subterranean  routes,  or  directly  back  into  the 
atmosphere  by  evaporation  and  transpiration. 


-  I  - 

Impact  -  A  change  in  the  ecosystem  resulting  from  or  accelerated  by  human 
action. 

Infiltration  -  The  passage  of  water  into  the  soil  by  moving  through  pores 
and  interstices. 

Instream  use  -  Use  of  water  which  does  not  require  withdrawal  or  diversion 
from  its  natural  watercourse.  For  example,  the  use  of  water  for  navigation 
waste  disposal,  recreation,  and  support  of  fish  and  wildlife. 

Interbasin  transfer  -  The  physical  transfer  of  water  from  one  watershed  to 
another.  On  a  large  scale,  the  transfer  of  large  quantities  of  water  from 
one  major  river  to  another. 
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Intermittent  stream  -  One  which  flows  only  during  the  wet  season  but 
which  dries  up  during  the  dry  season. 

Invader  -  A  plant  species  that  was  absent  or  present  in  only  very  small 
amounts  in  the  undisturbed  portions  of  the  original  vegetation  but  will 
become  established  therein  under  conditions  of  disturbance  or  continued 
overuse. 

Inventory  -  A  listing  of  the  resources  (and  location),  natural  and  manmade, 
which  characterize  a  land  area.  It  is  a  static  picture  of  the  basic  resource 
situation,  describing  the  quantity  and  quality  of  such  attributes  of  land 
as  geology,  vegetation,  soil,  and  water  resources.  A  resources  inventory 
provides  a  data  base  which  then  can  be  periodically  updated,  and  trends 
illustrated,  by  suitable  monitoring  techniques. 

Irrigation  water  management  -  The  use  and  management  of  irrigation  water 
whereby  the  quantity  of  water-  used  for  each  irrigation  is  determined  by 
the  water-holding  capacity  of  the  soil  and  the  need  of  the  crop.  The 
water  is  applied  at  a  rate  and  in  such  manner  that  the  crop  can  use  it 
efficiently  and  no  significant  erosion  occurs. 

-  L  - 

Land  capability  classification  -  The  quality  of  soil  resources  for 
agricultural  use  without  permanent  damage  is  commonly  expressed  in  land 
capability  classes  and  subclasses  which  show,  in  a  general  way,  the 
suitability  of  soils  for  most  kinds  of  field  crops.  Soils  are  grouped 
according  to  their  limitations  when  they  are  used  for  field  crops,  the 
risk  of  damage  when  they  are  used,  and  the  way  they  respond  to  treatment. 

Capability  classes,  the  broadest  groups,  are  designated  by  Roman  numerals 
I  through  VIII.  The  numerals  indicate  progressively  greater  limitations 
and  narrower  choices  for  practical  use.  The  classes  are  defined  as  follows: 

Class  I  soils  have  few  limitations  that  restrict  their  use. 
Class  II  soils  have  moderate  limitations  that  reduce  the  choice  of  plants. 
Class  III  soils  have  severe  limitations  that  reduce  the  choice  of  plants. 
Class  IV  soils  have  ^ery   severe  limitations  that  reduce  the  choice  of  plants 
Class  V  soils  are  not  likely  to  erode  but  have  other  limitations,  impractica 

to  remove,  that  limit  their  use. 
Class  VI  soils  have  severe  limitations  that  make  them  generally  unsuitable 

for  cultivation. 
Class  VII  soils  have  wery   severe  limitations  that  make  them  unsuitable  for 

cultivation. 
Class  VIII  soils  and  landforms  have  limitations  that  nearly  preclude  their 

use  for  commercial  crop  production. 

Capability  subclasses  are  soil  groups  within  one  class;  they  are  designated 
by  adding  a  small  letter,  "e,"  "w,"  "s,"  or  "c,"  to  the  class  numeral,  for 
example,  Il-e.  The  letter  "e"  shows  that  the  main  limitation  is  risk  of 
erosion  unless  close-growing  plant  cover  is  maintained;  "w"  shows  that 
water  in  or  on  the  soil  interferes  with  plant  growth  or  cultivation  (in 
some  soils  the  wetness  can  be  partly  corrected  by  artificial  drainage); 
"s"  shows  that  the  soil  is  limited  mainly  because  it  is  shallow,  droughty, 
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or  stony;  and  "c,"  used  in  only  some  parts  of  the  United  States,  shows 
that  the  chief  limitation  is  climate  that  is  too  cold  or  too  dry. 

Litter  -  The  uppermost  layer  of  organic  debris  composed  of  freshly  fallen 
or  slightly  decomposed  organic  materials;  includes  all  undecomposed  dead 
organic  matter  lying  or  standing  within  20  feet  of  the  ground  surface. 
Litter  includes  lichens  and  moss  having  less  than  1/16  inch  growing  on 
litter. 


-  M  - 

Macroclimate  -  The  climate  of  a  large  geographical  area. 

Management  -  The  decision-making  process  in  the  presence  of  uncertainty, 
that  involves  the  manipulation  of  one  or  more  of  the  dependent  and/or  the 
controlling  factors. 

Mesic  -  Characterized  by,  relating  to,  or  requiring,  a  moderate  amoung 
of  moisture. 

Microclimate  -  The  climate  of  a  localized  and  specific  area. 

Minimum  tillage  -  Limiting  the  number  of  cultural  operations  to  those  that 
are  properly  timed  and  essential  to  produce  a  crop  and  prevent  soil  damage. 

Monitor  -  To  scrutinize  or  check  systematically  with  a  view  to  collecting 
certain  specified  categories  of  data. 

Monoculture  -  Raising  crops  of  a  single  plant  variety,  cultivated  as  well 
as  natural. 

Multiple  use  -  In  the  case  of  resources,  development  of  a  particular 
resource  to  serve  two  or  more  purposes  simultaneously. 

-  N  - 

Natural   resource  -  Any  component  of  the  natural   environment,  such  as  soil, 
water,  rangeland,   forest,  wildlife,  that  man  can  use  to  promote  his  welfare. 
A  natural   resource  can  be  renewable  or  non-renewable. 

Nonpoint  source  -  Refers  to  pollution  discharge  from  numerous  scattered  sites 
throughout  a  given  area,   transported  to  surface  and  ground  waters  through 
diffuse  routes. 

-  0  - 

Off-road  vehicle  (ORV)  -  Any  motorized  vehicle  designed  for  or  capable 

of  cross-country  travel   on  or  immediately  over  land,  water,  sand,  snow,  ice, 

marsh,  swampland,  or  other  terrain. 

Overgrazing  -  Consumption  of  vegetation  by  herbivores  beyond  the 
endurance  of  a  plant  to  survive;  continued  overuse  creating  a  deteriorated 
range. 
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-  p  - 

Pastureland  -  See  Agricultural  Land  Classification. 

Pedoqenic  -  Related  to  soil  formation. 

Perennial  stream  -  A  watercourse  which  flows  constantly  throughout  the  year, 

Phreatophyte  -  A  deep-rooted  plant  that  obtains  its  water  from  the  water 
table  or  the  layer  of  soil  just  above  it. 

Point  source  -  Refers  to  discharge  of  pollution  from  discernible,  confined, 
and  discrete  conveyance  areas. 

Public  land  -  land  in  federal  ownership. 

Public  use  -  Includes  but  is  not  necessarily  limited  to  the  following: 
stockwatering,  human  consumption,  range  improvement,  protection  and 
management,  agricultural  irrigation  of  native  plants,  fish  and  wildlife, 
fire,  recreation,  flood  control,  erosion  control;  does  not  include  mining 
claims,  mill  sites,  desert  land  entries,  and  Carey  Act  entries. 


-  R  - 

Range  condition  -  The  present  productivity  on  a  range  site  as  related  to 
the  potential  natural  plant  community  for  that  site.  Range  condition  is 
expressed  as  excellent,  good,  fair,  or  poor,  on  the  basis  of  how  much  the 
present  plant  community  has  departed  from  the  potential. 

Reclamation  -  Rendering  land  suitable  for  cultivation. 

Rehabilitation  -  Restoration  of  partially  or  totally  lost  biological 
productive  capability. 

Relative  humidity  -  The  ratio  of  absolute  humidity  to  the  maximum  possible 
density  of  water  vapor  in  the  air  at  the  same  temperature. 

Retorting  -  Operation  by  which  substances  are  extracted,  distilled,  or 
decomposed  by  heat. 

Rill  -  A  small,  intermittent  watercourse  with  steep  sides,  usually  only  a 
few  inches  deep  and,  hence,  no  obstacle  to  tillage  operation. 

Riparian  habitat  -  Habitat  related  to  or  located  along  a  watercourse. 

Roil  -  To  make  muddy  or  cloudy  by  stirring  up  sediment. 

Runoff  -  The  portion  of  precipitation  which  is  not  absorbed  by  the  soil 
and  which  flows  into  surface  waters. 
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-  s  - 

Salim'zation  -  The  process  by  which  evaporation  of  salty  water  leaves 
a  salt  accumulation  in  the  soil  ,  which  renders  the  soil  unsuitable  for 
crop  production. 

Scour  -  To  abrade  and  wear  away  terrace,  diversion  channels,  or  streambeds. 

Sedge  -  Grasslike  plant  having  solid  rather  than  hollow  stems. 

Sediment  -  Soil  or  mineral  material  transported  by  water  and  deposited  in 
streams  or  other  bodies  of  water. 

Seepage  -  Water  which  passes  into  the  soil  from  under  a  reservoir  or 
other  water  body. 

Site- specific  -  Refers  to  phenomena  which  occur  under  certain  conditions 
at  a  particular  site,  but  which  would  not  necessarily  occur  at  another 
site. 

Slash  and  burn  agriculture  -  A  method  of  agriculture  practiced  in  forests 
in  which  the  land  is  cleared  by  cutting  and  burning.  It  is  then  planted 
and  harvested,  and  after  it  loses  its  productivity,  it  is  allowed  to 
return  to  forest  to  regain  productivity  while  another  plot  of  forest  is 
cleared  and  utilized. 

Soil  deterioration  -  Loss  of  potential  productive  capacity  of  a  soil 
that  results  from  destructive  processes  accelerated  by  the  activities  of 
man,  for  example,  through  soil  erosion  and  waterlogging. 

Soil  moisture  zone  -  Depth  of  soil  from  which  plant  roots  extract  water. 

Soil  order  -  Ten  orders  are  recognized.  The  properties  used  to 
differentiate  among  orders  are  those  that  reflect  the  kind  and  degree  of 
soil-forming  processes  that  have  taken  place.  Each  order  is  identified 
by  a  word  ending  in  sol .  An  example  is  Mollisol. 

Soil  profile  -  A  cross-sectional  view  of  a  particular  soil  type  in  which 
the  characteristic  layers  or  horizons  are  well  represented. 

Soil  structure  -  The  arrangement  or  grouping  of  the  soil's  primary  particles 
into  granules  or  aggregates;  a  soil  with  good  structure  has  a  spongy  or 
crumbly  quality  with  an  abundance  of  pores  through  which  water  and  oxygen 
can  move. 

Soil  texture  -  The  size  of  the  individual  soil  particles;  the  four  textural 
categories  ranging  from  the  smallest  to  the  largest  sized  particles  are 
clay,  silt,  sand,  and  gravel. 

Standard  Metropolitan  Statistical  Area  (SMSA)  -  An  integrated  economic  and 
social  unit  with  a  large  population  nucleus.  Each  SMSA  includes  the 
county  in  which  the  central  city  is  located,  and  adjacent  counties  that 
are  metropolitan  in  character  and  economically  and  socially  integrated 
with  the  county  of  the  central  city. 
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Streamflow  -  The  discharge  in  a  surface  stream  course. 

Strip  cropping  -  An  agricultural  practice  in  which  an  open  row  crop 
(potatoes,  corn,  cotton)  is  alternated  with  a  cover  crop  (alfalfa,  clover) 
to  minimize  soil  erosion. 

Stubble-mulching  -  Leaving  the  stubble  of  crops  or  crop  residue 
essentially  in  place  on  the  land  as  a  surface  cover  during  fallow  and  the 
growing  of  a  succeeding  crop. 

Subsidence  -  Process  by  which  the  soil  level  is  lowered  by  overdraft  of 
groundwater,  oil,  etc. 


-  T  - 

Terracing  -  A  soil  conservation  technique  in  which  steep  slopes  are 
converted  into  a  series  of  broad-based  "steps";  the  velocity  of  runoff 
water  is  thus  reduced  and  soil  erosion  is  arrested. 

Transpiration  -  The  process  in  which  plant  tissues  give  off  water  vapor 
to  the  atmosphere. 

Turbidity  -  The  cloudy  condition  caused  by  suspended  solids  in  a  liquid. 


-  U  - 

Ungulates  -  Hoofed  mammals  such  as  horses,  cattle,  and  deer. 

Urban  and  built-up  areas  -  Human  settlement  and  built-up  areas  of  more 
than  10  acres,  including  industrial  sites,  railroad  yards,  cemetaries, 
airports,  golf  courses,  institutional  and  public  administration  sites, 
and  similar  areas. 


-  W  - 

Water  depletion  -  Water  consumed  that  is  irrecoverable  to  the  hydrologic 
cycle  or  system. 

Waterlogging  -  A  condition  in  which  the  water  table  rises  to  near  the 
surface  of  the  soil . 

Watershed  -  The  total  area  drained  by  a  particular  stream;  may  range  from 
a  few  square  miles  to  thousands  of  square  miles. 

Water  table  -  The  upper  level  of  an  underground  water  body. 
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Wildlife  habitat  -  All   elements  of  a  wild  animal's  environment  which  the 
animal   needs  to  normally  and  naturally  complete  its  life  cycle.     These 
elements  are  usually  described  as   food,  cover,  water  and  living  space, 
but  included  here  are  all   the  conditions  and  items  needed  to  satis- 
factorily produce  the  above  four  elements  in  the  amounts,  qualities,  and 
juxtapositions  which  the  animal    requires  to  complete  its  life  cycle. 

Withdrawal   -  Water  taken   from  a  surface-  or  ground-water  source  for 
off stream  use. 

-X- 

Xerophytic  -  The  quality  of  plants  which  are  structurally  adapted  for 
life  and  growth  with  a  limited  water  supply. 


-Y- 

Yardang  -  A  sharp-crested  ridge  carved  by  wind  erosion. 
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List  of  Abbreviations  Used 

AAAS  -  American  Association  for  the  Advancement  of  Science 
AID  -  Agency  for  International  Development 
ASCE  -  American  Society  of  Civil  Engineers 

BuCensus  -  Bureau  of  the  Census,  Department  of  Commerce 

BIA  -  Bureau  of  Indian  Affairs,  Department  of  the  Interior 

BLM  -  Bureau  of  Land  Management,  Department  of  the  Interior 

BuRec  -  Bureau  of  Reclamation,  Department  of  the  Interior 

CEQ  -  Council  on  Environmental  Quality 

DAUS  -  Desertification  Assessment  in  the  United  States 

DOE  -  Department  of  Energy 

DOD  -  Department  of  Defense 

ERDA  -  Energy  Research  and  Development  Administration 

EIS  -  Environmnetal  Impact  Statement 

EPA  -  Environmental  Protection  Agency 

FAO  -  Food  and  Agriculture  Organization,  United  Nations 

GSA  -  General  Services  Administration 

ICASALS  -  International  Center  for  Arid  and  Semi-Arid  Land  Studies 

MAB  -  Man  and  the  Biosphere  (a  program  of  the  United  Nations) 

NAS  -  National  Academy  of  Sciences 

NOAA  -  National  Oceanic  and  Atmospheric  Administration,  Dept.  of  Commerce 

NSF  -  National  Science  Foundation 

NTIS  -  National  Technical  Information  System,  Department  of  Commerce 

OSTP  -  Office  of  Science  and  Technology  Policy,  Executive  Office  of  the 

President 
OWRT  -  Office  of  Water  Research  and  Technology,  Department  of  the  Interior 

RCA  -  Resources  Conservation  Act 

RPA  -  Resources  Planning  Act 

SEA  -  Science  and  Education  Administration,  Department  of  Agriculture 

SCS  -  Soil  Conservation  Service,  Department  of  Agriculture 

UNESCO  -  United  Nations  Educational,  Scientific,  and  Cultural  Organization 
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UNEP  -  United  Nations  Environmental  Program 

USDA  -  United  States  Department  of  Agriculture 

USDC  -  United  States  Department  of  Commerce 

USDI  -  United  States  Department  of  the  Interior 

USGS  -  United  States  Geological  Survey,  Department  of  the  Interior 

WPRS  -  Water  and  Power  Resources  Service  (formerly  BuRec) 

WRC  -  Water  Resources  Council 

WESTPO  -  Western  Governors'  Policy  Office 
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